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Abstract

Background Endovascular therapy (EVT) offers a highly effective therapy for patients with acute ischemic stroke due
to large vessel occlusion. Comprehensive stroke centers (CSC) are required to provide permanent accessibility to EVT.
However, when affected patients are not located in the immediate catchment area of a CSC, i.e. in rural or structurally
weaker areas, access to EVT is not always ensured.

Main body Telestroke networks play a crucial role in closing this healthcare coverage gap and thereby support spe-
cialized stroke treatment. The aim of this narrative review is to elaborate the concepts for the indication and transfer
of EVT candidates via telestroke networks in acute stroke care. The targeted readership includes both comprehensive
stroke centers and peripheral hospitals. The review is intended to identify ways to design care beyond those areas
with narrow access to stroke unit care to provide the indicated highly effective acute therapies on a region-wide basis.
Here, the two different models of care: "mothership" and "drip-and-ship" concerning rates of EVT and its complica-
tions as well as outcomes are compared. Decisively, forward-looking new model approaches such as a third model
the "flying/driving interentionalists” are introduced and discussed, as far as few clinical trials have investigated these
approaches. Diagnostic criteria used by the telestroke networks to enable appropriate patient selection for secondary
intrahospital emergency transfers are displayed, which need to meet the criteria in terms of speed, quality and safety.

Conclusion The few findings from the studies with telestroke networks are neutral for comparison in the drip-and-

ship and mothership models. Supporting spoke centres through telestroke networks currently seems to be the best
option for offering EVT to a population in structurally weaker regions without direct access to a CSC. Here, it is essen-
tial to map the individual reality of care depending on the regional circumstances.
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Background

Neurological diseases are taking on an increasingly
important role worldwide. Among neurological diseases,
stroke is the disease with the greatest loss of disability-
adjusted life years [1].
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Primary patient assignment to comprehensive stroke
centers (CSC) with all stroke treatment options close to
patients’ home would be desirable for all acute stroke
patients. However, in a large number of patients long dis-
tances to the next EVT-capable stroke center do not allow
primary patient referral, especially in more rural or struc-
turally weaker areas. In Germany, in these areas acute
stroke treatment is well covered by telestroke networks,
as described in a recent analysis displaying the telestroke
network landscape. For a more detailed description see
review [5]. Telestroke networks were first established two
decades ago. The goal is to provide consultation to hos-
pitals in a regional context that participate in emergency
stroke care but cannot maintain an on-site neurologist
around the clock (spoke centers). The consulting centers
are CSCs with certified stroke units and the possibility of
EVT.

Due to the described gap in the health care system for
EVT in rural areas, this narrative review based on the lit-
erature search via PubMed.gov aims to present existing
models of care, using the telestroke networks or compar-
atively direct patient referral to the CSC.

The review clearly focuses on the limited data and
concepts in which teleneurological involvement exists.
Accordingly, other data is only included if it is important
for introductory explanation or context.

Main text

Telestroke networks for acute stroke care

In a number of countries including Germany, there is
good geographic coverage with stroke units providing
acute stroke care. Since complete coverage is not possi-
ble, white spots still exist on the map with hospitals that
do not have a stand-alone neurology department includ-
ing a stroke unit and also do not have a neurologist avail-
able 24/7. At this point, telestroke networks can ensure
access to high-quality therapy according to the stroke
unit principle. In some countries, certification of these
stroke units as so-called “telestroke units” (telemedicine-
supported stroke units) is even possible if all quality prin-
ciples are adhered to [6].

The increasing establishment of telestroke networks
in recent years is based on a principle of spoke centers
without a neurology department consulting neurolo-
gists in the CSC for support of acute stroke therapy.
In a so-called teleconsultation, in spoke centers, stroke
patients are to be examined remotely via audio—video
consultation by the telestroke-consultant to reliably
indicate the acute therapy [7]. At this point, the radi-
ologists and neuroradiologists at the CSC are also
involved, without whose cooperation and availabil-
ity for EVT, the telestroke network could not operate.

Page 2 of 12

Cooperations between smaller neurological hospitals
without the possibility of EVT can also be integrated
into the network structure, for example, if only the CT
images are telemedically assessed and a transfer con-
cept between the hospitals exists. Regionality is crucial
for a well-functioning stroke network (for more details
see review [5]). Current guidelines also address the pos-
sibility of optimizing care in underserved areas by con-
necting to a telestroke network [8].

Good coverage for stroke treatment by telestroke
networks in mainly rural areas is shown for Germany
in an illustration of the telestroke network landscape
including performance figures [5]. There are currently
22 active telestroke networks in Germany, each with
at least one stroke unit certified as a CSC. In 2018, tel-
econsultations were thus performed in a total of 225
hospitals connected via telestroke networks for 27,174
patients diagnosed with stroke. Correspondingly acute
treatment in 11% of all stroke patients was supported by
teleneurology. The cooperating hospitals (spoke cent-
ers) connected to the telestroke networks are mainly
hospitals without their own neurology department. But
also in other European countries the telestroke service
is part of the stroke care concept, e.g. in Spain, which
is another example of a country with a high prevalence
of telestroke services [9]. In a survey of 43 stroke units,
44% operate telestroke services for spoke centers.

Intravenous thrombolysis via telestroke networks

First and foremost, telestroke networks are intended to
strengthen acute care close to patients’ home, thus ena-
bling rapid access to specialized therapies.

The need of a time-sensitive decision on intravenous
thrombolysis (IVT) in patients with acute ischemic
stroke in hospitals without the presence of a neurolo-
gist was the main reason for establishing telestroke net-
works. In Germany the reported rate of IVT indicated
in telestroke networks was 14.9% [5]. In a statewide
established telestroke network in South Carolina, there
was a significantly increased IVT rate in hospitals that
were connected to the telestroke-network compared
with hospitals that were not part of the network [10].
However, in this publication the overall IVT rate was
still relatively low at 6.7%.

For comparison of IVT treatment and complication
rates, there has been no significant difference between
CSCs and spoke centers [11-13]. Even IVT in the
extended time window beyond 4.5 h after stroke onset
as enabled by patient selection by multimodal imag-
ing using perfusion imaging, was performed in certain
spoke centers as shown in an Australian telestroke net-
work [14].
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Endovascular treatment in telestroke networks

In acute ischemic stroke due to LVO, EVT in the anterior
and posterior circulation is shown to be a highly effec-
tive therapy. This is true for the anterior circulation in a
narrow time window up to 6 h after stroke onset using
computed tomography angiography (CTA) diagnostics
and in a time window of 24 h after patient selection using
advanced imaging [2—4]. Recently, the benefit of EVT in
basilar artery occlusion has also been demonstrated in a
time window of up to 24 h [15, 16].

For stroke care, it would be optimal if all patients could
be primarily assigned to an EVT-capable CSC. In real-
ity, however, this is not possible within an acceptable
emergency transfer time in rural or structurally weaker
areas. On the one hand there would be delays in time-
critical recanalization treatment and on the other hand
the ambulance service would be bound for an exces-
sively long period by the transport at a time of scarce
resources in the health system. Accordingly, treatment
access depends on rapid identification of patients in need
for secondary transfers, which must be initiated from
all hospitals without possibility of EVT comprising the
primary stroke centers (PSC) defined as either regional
neurological clinics or non-neurological clinics. Within
telestroke networks, patients in PSCs, then referred to
as spoke centers, can be reliably identified for secondary
emergency transfer for either direct EVT or late window
advanced perfusion imaging to select patients eligible
for EVT. Subsequently, transfer can be rapidly organized
with the support of telestroke networks. Thus, these have
the task of enabling nationwide coverage by EVT in all
patients with acute ischemic stroke due to LVO. Consec-
utively, the increase of patients with EVT in recent years
has also been demonstrated in telestroke networks, e.g.
in a large region in the southwestern United States [17].

Different care models for access of endovascular treatment
The appropriate care model enabling EVT is required to
be identified for each region individually, being imple-
mented jointly with the regional ambulance service.

In the mothership model, patients are referred directly
to the CSC, which provides continuous care by EVT
(Fig. 1). The decisive factor choosing this model should
be that the CSC can be reached within a certain time
period e.g. 30 min because any further delay would result
in a lower rate of IVT and delayed IVT initiation. Besides,
CSCs barely can provide capacity for a largely increased
amount of stroke patients.

The drip-and-ship principle refers to primary acute
treatment including application of IVT in the non-
EVT-capable PSC and secondary transfer to the CSC
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after patient selection for EVT (Fig. 1). In PSCs sup-
ported by telestroke networks, then referred to as spoke
centers, co-assessment via teleconsultation allows iden-
tification not only for IVT but also of potential can-
didates for EVT. In the current analysis on telestroke
networks in Germany, it is shown that 8% of teleneuro-
logically co-assessed patients in the spoke centers
undergo secondary emergency transfer for EVT [5].

A third model, and one that has only recently been
studied in more detail regarding the use of teleneurol-
ogy, is the principle of the driving or flying intervention
team, according to which the neurointerventionalist
located at the CSC drives or flies to the PSC for per-
forming EVT accordingly (Fig. 1). However, this model
depends on the provision of personnel resources spe-
cifically for the cooperation and the implementation of
the required infrastructure at the PSC.

A meta-analysis examined the comparison between
the mothership and the drip-and-ship models with-
out teleneurologic support in 7824 patients with acute
stroke from 13 studies, most of which were retrospec-
tive [18]. The mothership model was associated with
a shortened symptom onset to puncture time, a better
outcome by mRS at 90 days and fewer bleeding com-
plications. Nevertheless it was pointed out that further
prospective randomised trials are needed in order to
be able to make statements of adequate quality. Impor-
tantly, it has been demonstrated that the onset to treat-
ment times for EVT and the door-in-door-out time
have been continuously reduced in recent years for the
drip-and-ship model, so the most recent studies possi-
ble should be used for evaluation [19]. In addition, the
drip-and-ship model could be upgraded by integrating
teleneurology, so that a faster indication for the acute
therapies IVT and EVT can be made. This has been
recently shown in a study with 76 acute stroke patients
in New Zealand [20]. Unfortunately, there are only a
few studies available that compare the drip-and-ship
and mothership models including telestroke consulta-
tions. Meta-analyses are not suitable due to the limited
data. The available studies are reported below.

The drip-and-ship model has been studied in a tele-
stroke network in Massachusetts. Here, outcomes were
studied for 258 EVT candidates with LVO who were
secondarily transferred from the spoke centers to the
CSC between 2018 and 2020 [21]. In 98 patients who
were treated with IVT at the spoke centers functional
outcome at discharge and at 3 months was better than
patients who were not treated with IVT, while there
was no difference in the rate of intracerebral hemor-
rhage (ICH). It is conceivable that the transfer time
can be bridged better when using IVT. Possibly, a com-
plete or partial recanalization was already achieved by
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Fig. 1 Acute ischemic stroke care models for access to endovascular treatment. CSC Comprehensive stroke center; £VT Endovascular treatment; VT
Intravenous thrombolysis; PSC Primary stroke center (without possibility of EVT defined as either regional neurological clinics or non-neurological

clinics)
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IVT in some of the patients. 44% of evaluated patients
underwent EVT in the CSC.

In the Stroke telemedicine network in Thuringia
(SATELIT), allocation was also based on the drip-and-
ship model. All 9937 stroke patients co-assessed by tele-
consultations in the period before publication of the large
EVT studies in 2015 and after were analysed to identify
patients with ischemic stroke due to LVO transferred
from the spoke center to the CSC for EVT [22]. Vascu-
lar imaging was available more frequently after 2015
resulting in vascular occlusion being diagnosed more
frequently at the time of transfer. Accordingly, the indica-
tion appears more targeted and secondary patient trans-
fer more effective.

Patient selection with use of vascular imaging

In a telestroke network in Texas, Reddy et al. studied 400
patients with acute stroke with diagnosed or suspected
LVO who were secondarily transferred to the CSC for
EVT [23]. Only a minority of patients received vascular
diagnostics prior to transfer (17%), so clinical assessment
was essential in determining indications. The reasoning
for this approach was that the speed of diagnostics is sig-
nificantly decelerated when CTA was added. Al Kasab
and colleagues showed that in 85 transfers of potentially
EVT-eligible ischemic stroke patients door-in-door-out
(DIDO) times were longer when a CTA had to be added
in spoke centers [24]. However, the rate of EVT in the
CSC was higher when CTA was performed before trans-
fer. Of note, door-to-groin (DTG) times were not shorter
in the CSC when CTA had already been performed.
According to the authors, this may have been due to
late notification of interventionalists. To support these
assumptions, in the SOS-NET from Dresden a team
prenotification was implemented resulting in improved
treatment times [25].

To be explained, prenotification of the team takes place
immediately after the decision to transfer the patient to
the CSC, when LVO candidates have already been identi-
fied. This should provide instant information to the entire
stroke team involved in the process in order to prepare
for the patient’s arrival. Team prenotification represents
an effective measure for the stroke treatment process
and can be implemented with manageable effort 8 (for a
review see [26]).

In 22 spoke centers in the telestroke network in Mas-
sachusetts, a standardized protocol for the CTA process
was implemented in 2017 [27]. The protocol addressed
CTA indications, acquisition parameters, and image
reconstruction method. Previously, transfer was based
on clinical suspicion or a high clinical probability of LVO,
which was determined based on the National Institutes
of Health Stroke Scale, time window, and Alberta Stroke
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Program Early CT Score. As a result of the introduction
of the protocol, there was an increased rate of EVTs per-
formed and correspondingly a higher effectiveness for
transfer [27]. Nowadays, in the majority of spoke centers,
CTA for suspected LVO is a prerequisite for improved
triage for a safely indicated secondary transfer to EVT.
This is a crucial condition for reduction of futile transfers
to the CSC.

Comparison of the mothership and the drip-and-ship
model using telestroke networks

In the SOS-NET, a comparison was made between
the drip-and-ship model and the mothership model
in 280 patients with ischemic stroke due to LVO in the
anterior cerebral circulation being potentially eligible
for EVT during 2015 and 2018 [28]. Of these 163 were
treated with EVT. Although there was a greater extent
of early infarction signs in the secondarily transferred
patients, on the other hand, the DTG time was shorter
due to the imaging diagnosis already performed. Impor-
tantly, patients’ outcome was comparable between the
two models in terms of functional outcome or mortality
at 3 months, incidence of symptomatic ICH, and reca-
nalization success (Table 1). Of note there has been an
analysis of process times in the SOS-NET, that investi-
gated 48 patients transferred for EVT compared to 103
directly admitted patients at the CSC before the time of
the above-mentioned studies [29]. While patients were
younger and were more frequently treated with IVT,
there was prolonged time from stroke onset to EVT for
comparison of the drip-and-ship model and the mother-
ship model. However functional outcome and reperfu-
sion rates were comparable (Table 1).

In the same telestroke network, a safety analysis was
performed analyzing secondary transfer to the CSC for
EVT [30]. No emergency intubation or cardiopulmonary
resuscitation was required during transport. Emergency
medication was administered in approximately every
10th transfer, with the most common indication being
the reduction of excessively elevated blood pressure. The
minor medical interventions mentioned above could all
be performed by paramedics according to a defined algo-
rithm and did not require the assistance of a physician,
which is resource-saving for the transfer.

The application of IVT prior to transfer also does not
appear to be associated with increased complication rates
or poorer outcomes, as demonstrated in a telestroke net-
work from Massachusetts [21].

A telestroke network in Nancy also prospectively
examined the rate of 3-month favorable outcome
using the modified Rankin Scale (mRS) in 207 patients
assigned to EVT between 2015 and 2017 for compari-
son of the mothership and drip-and-ship models [31]
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Table 1 Comparison of direct transfer to CSC vs secondary emergency transfer in a telestroke setting in suspected AlS due to LVO

Reference [No.] Barlinn et al. [29]

Kaminsky et al. [31]

Moustafa et al. [28]

Number of patients 151 207 163

Vascular screening Anterior circulation, LVO Anterior and vertebrobasilar, suspected  Anterior circulation, LVO

criteria VO

Center type CSC/MS Spoke/DS CSC/MS Spoke/DS CSC/MS Spoke/DS
Proportion of patients 68.2 318 63.8 36.2 558 44.2

[9]

Age [years] 70 (62-75)* 66 (59-73)* 72.8 (13.5)** 74.5 (15.2)%* 76 (65-83)* 76 (66-80)*
NIHSS at admission 15 (11-21)* 15 (12-18)* 16 (10-20) * 17 (13.5-20)* 16 (12-20)* 17 (14-20)*

IVT [%] 46.6 70.8 53.8 81.3 593 514

EVT [%] 100 100 49.2 26.7 100 100

Onset to groin [min] 225 (175-293)* 319 (270-384)* 200.5 (71.5)** 303.0 (44.3)** 180(132-220)* 295 (248-340)*
Favorable outcome Discharge 13.7 Discharge 18.8 3 months 35.1 3months32.1 3 months 286 3 months 254
[MRS 0-2) [%]

ICH [%)] 11.7 (symptomatic) 4.2 (symptomatic) 43.3 (all ICH) 25.4 (all ICH) 1.1 (symptomatic) 2.8 (symptomatic)

Mortality [%] Discharge 22.6 Discharge 8.3

3 months 25.2

3 months 37.2 3 months 33.0 3 months 26.8

AlS Acute ischemic stroke; CSC Comprehensive stroke center; DS Drip-and-ship; EVT Endovascular treatment; ICH Intracerebral hemorrhage; IVT Intravenous
thrombolysis; LVO Large vessel occlusion; mRS Modified rankin scale; MS Mothership; NIHSS National Institutes of Health Stroke Scale; Spoke telemedical site with

stroke care
*Median (IQR); **mean (SD); bold statistically significant (p <0.05)

(Table 1). Spoke centers were at a distance of 36 to 77
miles from the CSC with a mean road transport time
of 77 min. Although in spoke centers more patients
received IVT, the rate of patients undergoing EVT was
lower and they had a longer time interval from symp-
tom onset to treatment compared to CSCs. Outcome at
3 months did not differ for the comparison (Table 1).

There have been few other studies analyzing the dif-
ferences in the drip-and-ship model compared to the
mothership model without explicitly including co-
assessment via teleconsultation. In a subanalysis of the
DEFUSE 3 trial 182 patients randomized for undergo-
ing EVT or medical therapy alone in an extended time
window between 6 and 16 h after symptom onset were
divided in patients transferred from the PSC (n=121)
and patients directly admitted to the CSC (n=61) [32].
Although time intervals from symptom onset to admis-
sion in the CSC were longer in transferred patients,
functional outcome at 3 months did not differ. How-
ever, there is a lack of information to what extent tel-
estroke networks were involved.

In Catalonia, Lopez-Cancio and collegues compared
ischemic stroke patients receiving IVT in spoke centers
(n=1322) with those patients being treated at PSCs with
neurological clinics or CSCs (n=2897) in a telestroke
network from 2013 to 2015 [33]. Patients with ischemic
stroke due to LVO were included showing that the rate
of EVT was comparable for patients with IVT at spoke
centers compared to those with IVT at the PSC or CSC,

while the rate was higher when only the subgroup of
patients in the CSC was observed.

Importantly, improved patient selection not only
increases the rate of EVT, but also better exploits the
opportunity for care closer to home and conserves
ambulance capacity by avoiding unnecessary transfers.
The same study showed similarities in both PSC and
CSC with regard to some process times important for
stroke care, but also cited longer DNT in the spoke
centers, which after all shortened over the observa-
tion period and accordingly a learning curve can be
assumed. Nevertheless, this aspect draws attention to
the fact that adequate quality in telestroke care is not a
matter of course, but requires constant optimization by
the coordinating team of the network. It is mandatory
that the teleconsultant is exempted from other clinical
tasks e.g. in the respective emergency departments of
the CSC, in order to bring sufficient focus on the tele-
neurologically treated patient and to enable better pro-
cess times.

A study in an Australian telestroke network draws
attention to the fact that in the drip-and-ship models in
spoke centers the targeted process times are only achiev-
able if there is continuous education for the participating
physicians [34]. In a system without intensive training for
the physicians in the spoke centers, no progress in pro-
cess times could be achieved, since there was no signifi-
cant decrease in median door-to-call time over time in
the observation period, neither in the overall collective
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(35 min) nor in the subgroup of patients treated by reper-
fusion therapy (24.5 min).

Patient selection with use of clinical scores

A more nuanced picture for comparing the mother-
ship and drip-and-ship models emerges when prehospi-
tal decision making can be supported by a score. Thus,
in Catalonia, the Rapid Arterial oCclusion Evaluation
(RACE) scale has been used with high accuracy to iden-
tify stroke patients eligible for EVT [35]. Here, a RACE
scale>4 with a sensitivity of 0.84 and specificity of 0.60
could identify LVO with indication for EVT. In addi-
tion, current guidelines and practical guides for acute
stroke therapy describe the option of using prehospital
scores as potentially useful although the benefit can-
not be proven on the basis of current data [8, 36]. In the
Medical University of South Carolina (MUSC) Telestroke
Program, a comparative study of the different prehospi-
tal scores was performed comparing the scores RACE,
Field Assessment Stroke Triage for Emergency Destina-
tion (FAST-ED), Cincinnati Prehospital Stroke Severity
Scale (CPSSS), 3-item stroke scale (31-SS), and Prehos-
pital Acute Stroke Severity Scale (PASS), and the NIHSS
[37]. All scores are in use for decision making for transfer
from the spoke center to the CSC. To evaluate the benefit
of these scores in intrahospital decision-making, all tele-
neurologically presented patients from 2014 to 2018 were
considered. The authors saw a relatively high error rate in
the assignment using the scores, so the development of
more appropriate scores is recommended and the even-
tual assignment must be done without using them for the
time being. In addition, especially in remote geographic
areas, prehospital scores are not an option for triage, and
primary co-assessment by teleconsultation is the only
option there, as bypassed transfer directly to the CSCs
would mean delaying IVT.

In contrast to the conclusion of the authors of the
study, the scores are considered to be usable in a setting
with teleneurology in order to pursue a meaningful allo-
cation strategy for at least the majority of patients, which
conserves the resources of the local emergency services.
However, the scores should be re-evaluated in the local
setting in order to be able to improve the concept in a
targeted manner e.g. change of the score used or the
cut-off used (example of a study in a local setting [38]).
A clear recommendation for a single score (one fits all)
is currently not made [8]. The decision for or against a
score should rather be decided on the basis of regional
conditions. Factors that should be considered, among
other things, are care levels of the hospitals considered,
distance of the hospitals, and use of teleneurological
expertise. In addition, regular training of the rescue ser-
vice is required in order to use the scores sensibly [36].
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Instead of using prehospital scores, telemedicine
assisted triage of patients already in emergency medi-
cal services unit in the rescue vehicle can further accel-
erate process times and improve patient selection [39].
This was evaluated in a pilot study of 49 patients in the
US state of South Carolina. DTG times were shorter in
patients who were transferred directly to the CSC for
EVT. However, studies in larger patient cohorts are
needed for confirmation.

Finally, randomized clinical trials are expected to deter-
mine whether there is a difference in outcomes in patients
treated with EVT for the comparison of the mothership
vs drip-and-ship models. Here, there are ongoing tri-
als PRESTO-F (NCT04121013), TRIAGE-STROKE [40],
and the already completed RACECAT Trial [41, 42]. The
RACECAT Trial was designed to answer the question
of whether outcomes differ significantly in the mother-
ship and drip-and-ship models with respect to mortality,
incidence of ICH, and functional outcome as measured
by mRS at 90 days. The data revealed no differences in
functional outcome or mortality. However, secondary
outcomes differed with a higher rate of IVT and a lower
rate of EVT in PSCs using the drip-and-ship approach.
Of note, 14 of 22 participating PSCs were supported by
telestroke-networks, while there was no subgroup analy-
sis with these hospitals.

A retrospective study from the regions participating
in the RACECAT Trial showed an increase in the EVT
rate between 2016 and 2020 not only in patients assigned
according to the mothership model, but also in those
assigned according to the drip-and-ship model. In addi-
tion, the time interval between arrival at the PSC and
groin puncture for EVT decreased [43].

The prehospital setting plays a significant role in trans-
fer to EVT. In addition, a telemedicine approach to opti-
mize transfer for EVT and its process times might be
ambulance tracking and a way to communicate via a web-
based messenger between the transport team and the
CSC neurology team [44].

Different transportation modes

A small study in an Australian telestroke network with
long inter-hospital distances examined modalities for
transfers to EVT in 62 patients [45]. The focus was on the
comparison of air vs road transfers. Significantly longer
DIDO times were found for air transfers, with longer
decision-to-departure-time in particular. It also mattered
whether patients required intubation prior to transfer. In
the very rural telestroke network, it was calculated that
the aforementioned delay due to air transfer could only
be compensated by the faster air-bound transfer from
a distance of approx. 300 km. Automated decision pro-
cesses could optimize here.
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In contrast, a telestroke network in South Carolina
and Georgia showed a better outcome in the nearly
50% (n=100) air borne transferred patients compared
to those transferred by ground ambulance (n=99) [46].
This effect was greater among patients who received
EVT due to LVO. A possible confounder discussed was
whether the nonrandomized selection for one of the two
modes of transport might have been influenced by the
fact that patients with airborne transport had less severe
co-morbidities. Finally, it seems to depend on the geog-
raphy of the networks and also on the organization of the
ambulance service which means of transport contain the
best net benefit.

Certainly, regarding the transportation modes it is
equally relevant to investigate whether the approach
of a teleneurologically supported Mobile Stroke Unit,
which has been shown to be effective for IVT, can also be
advantageously applied to EVT for deciding which trans-
fer model to use (for a review see [47]).

Driving and flying intervention model

Another important model is the more recent principle
of the driving or flying intervention team. In this model,
EVT is achieved through the deployment of a CSC neu-
rointerventionalist who, after driving or flying to the
PSC, performs EVT there. The model requires very close
cooperation between the cooperating hospitals, as there
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is a high level of organizational effort in terms of person-
nel and infrastructure.

In New York, a CSC Mobile Interventional Stroke
Team (MIST) is active to perform EVT for the PSC as
quickly as possible. A prospective observational study
in 228 patients undergoing EVT found a shorter door to
recanalization time when comparing the MIST approach
to the drip-and-ship model (Table 2) [48]. The compari-
son between MIST and mothership was neutral. Com-
plete recovery was achieved in 38% at discharge with
MIST, which was more frequent than with the drip-and-
ship model at 17%. Regarding long-term outcome, there
was only a trend toward better outcome under MIST.
In another study in 226 patients, 54% of patients treated
with MIST in the early time window (<6 h) and only 28%
of patients treated with the drip-and-ship model reached
a favorable long-term outcome based on mRS [49]. In
the late therapeutic time window (>6 h), there was no
longer a significant effect, so it can be assumed that the
time gain due to the accelerated treatment process has
an impact on outcome mainly in the early time window,
whereas patients receiving EVT in the late time window
may benefit less assuming sufficient collateralisation and
a preserved penumbra.

Further studies on the driving interventionalist model
showed the possibility for acceleration of critical process
times for EVT [50, 51]. Although some of the studies

Table 2 Flying/driving interventionalists concepts with and without a telestroke setting in suspected AlS due to LVO

Reference [No.] Morey et al. 2020 [48]

Hubert et al. 2022 [53]

Telestroke setting Without teleneurology

With teleneurology

Number of patients 198 157
Vascular screening criteria Anterior and vertebrobasilar circulation, LVO Anterior and vertebrobasilar circulation,
VO

Center type CSC/MS PSC/DS PSC/MIST Spoke/DS Spoke/FIT

Proportion of patients [%)] 10.1 576 323 459 54.1

Age [years] 66.8 (+12.3)** 68.3 (£ 14.9)** 69.0 (£ 12.8)** 75 (66-79)* 77 (67-82)*

NIHSS at admission 16.6 (£7.5)** 17.5 (£6.1)** 154 (£6.1)** 13 (8-18)* 15 (10-18)*

VT [%] 450 456 453 68 69

EVT [%] 100 100 100 67 83

Initial door to groin [min] 114.3 (£49.5)** 2316 (£102.1)** 144.4 (£57.7)*%; 212 (185-252)* 112 (96-132)*
p <0.05 versus DS

First imaging to groin [min] 89.8 (£ 34.7)** 203.5 (£91.9)** 126.3 (£ 54.4)** 194 (167-226)* 101 (86-115)*
p<0.05 versus DS

Favorable outcome [mRS 0-2) [%]
ICH [%]
Mortality [%]

(3 months) 40.0
No data
No data

(3 months) 38.9
No data
No data

(3 months) 52.8
No data
No data

(3 months) 39
(Symptomatic) 16
(3 months) 19

(3 months) 44
(Symptomatic) 7
(3 months) 25

It should be noted that further studies on driving interventionalist models exist, but no detailed description regarding the usage of teleneurology has been provided.
The very thorough designed study by Morey et al. was included here as an illustrative example

AlS Acute ischemic stroke; CSC Comprehensive stroke center; DS Drip-and-ship model; EMS Contact with emergency medical service; EVT Endovascular treatment;
FIT Flying interventionalists model; ICH Intracerebral hemorrhage; IVT Intravenous thrombolysis; LVO Large vessel occlusion; MIST Mobile interventional stroke team

model; mRS Modified rankin scale; MS Mothership model; NIHSS National Institutes of Health Stroke Scale; Spoke telemedical site with stroke care
*Median (IQR); **mean (SD); bold statistically significant (p <0.05)
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provided information that depending on availability tele-
neurologic co-assessment was partially performed in the
PSC, detailed information is lacking [52].

To investigate a similar concept involving teleneurolog-
ical consultation, a particular approach in patients under-
going EVT was taken through the TEMPIS telestroke
network. 157 patients were compared who were either
transferred to the CSC by helicopter or treated in the
spoke centers by the neurointerventionalist who previ-
ously went to the spoke center herself/himself as a "flying
interventionalist” (Table 2). A higher EVT rate, earlier
treatment initiation saving 90 min, and a trend for better
outcome in patients treated by flying interventionalists
were achieved. No higher numbers of complications were
reported in these patients [53].

So far, an improvement in acute care processes of the
driving and flying intervention model has been clearly
demonstrated, while the distinct effect on outcomes will
be the focus of further investigation.

Conclusion

Access to EVT in structurally weaker regions without
proximity to the CSC is a multifactorial approach that
should be considered standard. The primary decision
for the mothership model or the drip-and-ship model is
made according to the geographical location and access
to the CSC including involvement of prehospital scores.
The preliminary results of the studies carried out so
far are neutral for the comparison of outcomes in the
drip-and-ship and in the mothership model. Moreover,
the driving or flying intervention team model is gain-
ing increasing attention and will be further explored in
studies.

It remains unclear whether the results in certain tel-
estroke networks are transferable to any region, which
may differ significantly in process times and infrastruc-
ture. Rather, it is important to map the individual reality
of care in the best possible way, for which the telestroke
networks can form an essential building block.

The support of spoke centers through telestroke net-
works is a stable solution to provide EVT in a population
in structurally weaker regions without direct access to a
CSC. The task of the telestroke networks is on the one
hand to carry out the teleconsultations in an emergency
setting under consideration of vascular cerebral imaging
to enable focused patient selection and on the other hand
to implement the standards of care and organize a con-
tinuous training in the spoke centers to achieve quality-
oriented stroke treatment.

Abbreviations
ASCPECTS Alberta stroke program early CT score
CPSSS Cincinnati prehospital stroke severity scale (CPSSS)
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Csc Comprehensive stroke center
CTA Computed tomography angiography
DIDO Door-in-door-out
DNT Door-to-needle times
DTG Door-to-groin
EVT Endovascular treatment
FAST-ED  Field assessment stroke triage for emergency destination
ICH Intracranial hemorrhage
VT Intravenous thrombolysis
LVO Large vessel occlusion
MIST Mobile interventional stroke team
mRS Modified rankin scale
MUSC Medical University of South Carolina
NIHSS National Instititutes of health stroke scale
PASS Prehospital acute stroke severity scale
PSC Primary stroke center
RACE Rapid arterial occlusion evaluation
SATELIT  Stroke telemedicine network in thuringa
SOS-NET  Schlaganfallversorgung in Ost-Sachsen Netzwerk
TEMPIS Telemedizinisches Projekt zur integrierten Schlaganfallversorgung
in der Region Stidostbayern
TEMS Emergency medical services unit
31-SS 3-Item stroke scale
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