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Abstract

Background Telemedicine is well established in acute stroke care and significantly contributes to widespread access
to treatment. In intensive care, telemedicine is increasingly used to reduce mortality and complications. The German
Society of Anesthesiology and Intensive Care Medicine (DGAI) also recommends telemedical consultations for
neurological indications.

Methods The aim of this survey was to assess structure, usage and need for telemedicine consultations for non-
neurologically managed intensive care units and to determine whether there is a need to expand telemedicine
stroke networks to include neurointensive care. A national cross-sectional survey was conducted, targeting all 22
German telemedicine stroke networks. The survey included 27 questions on structural aspects of intensive care
units, the utilization of telemedical consultations and experiences with tele-neurointensive diagnostics and therapy.
Additionally, a sub-study was conducted in six spoke hospitals within the telemedicine stroke network East Saxony
(SOS-TeleNET).

Results Of the 22 networks contacted, 17 (77%) responded. Of these, 11 (65%) regularly received consultation
requests from intensive care units, most of which were handled by teleneurologists. The most common indications
consisted of ischemic and hemorrhagic strokes, epileptic seizures as well as prognosis assessment and therapy goal
adjustments. Several networks indicated interest in expanding telemedicine services for neurological care in intensive
care units.

Conclusions The survey highlights a notable need for telemedicine neurointensive care consultations. Expanding
telemedicine infrastructure in this field could contribute to improving the quality of care.
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Introduction

Since the early 2000s, telemedicine has become an essen-
tial element of stroke care in Germany and now plays a
major role in providing nearly nationwide access to spe-
cialized services [1]. Currently, around one in ten stroke
patients is treated with telemedical support, as shown
in a recent survey of the national telemedicine stroke
networks [2]. Hospitals participating in these networks
achieve thrombolysis rates and referral frequencies for
thrombectomy that are comparable to those of neurolo-
gist-led stroke units [2].

In intensive care medicine, ensuring high-quality care
close to home remains a key challenge, especially given
the growing demand for specialized personnel and sub-
specialties. Neurocritical care, in particular, is limited to
a few centers across Germany. Telemedical approaches
have already been shown to reduce mortality, compli-
cation rates and intensive care unit (ICU) length of stay
[3, 4]. The current guideline of the German Society for
Anaesthesiology and Intensive Care Medicine (DGAI)
recommends the use of teleconsultations for neurologi-
cal conditions such as stroke, intracerebral hemorrhage,
status epilepticus and traumatic brain injury [5].

Neurocritical care involves the management of life-
threatening neurological conditions such as severe
ischemic or hemorrhagic stroke, status epilepticus,
meningoencephalitis or neuromuscular crises. As dedi-
cated neurocritical care units remain scarce in Germany,
most neurologically ill ICU patients are treated in general
interdisciplinary units. In addition, there is a substantial
shortage of trained neurointensivists [6]. In this context,
telemedical support for non-neurologist-led ICUs could
be a valuable addition to guideline-based care for neuro-
logically ill patients. Neurological complications such as
delirium, prolonged weaning or critical illness polyneu-
ropathy/myopathy including dysphagia, can significantly
affect ICU outcomes.

Outside Europe, teleneurocritical care has been
increasingly integrated into ICU pathways, particularly
in the United States, where programs provide round-
the-clock expert input for stroke, seizures and broader
neurocritical indications. Observational studies report
functional outcomes comparable to bedside neurocritical
care in selected ICU populations and economic analyses
show equivalent billable charges to in-person care [7-9].

However, it is currently unclear whether there is a
demand for neurocritical care consultations or whether
relevant structures - such as extensions of existing tele-
medicine stroke networks - already exist. To assess the
current situation and evaluate the need for teleneurocrit-
ical care, we conducted a survey study within the Ger-
man telemedicine stroke networks.
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Methods

A national cross-sectional survey was conducted, target-
ing all 22 telemedicine stroke networks in Germany (Fig.
1). These networks are organized under the Commis-
sion for Telemedicine Stroke Care of the German Stroke
Society [10]. A concise description of these networks is
available in a recent national survey and in Supplemen-
tary Table S1 [2]. The aim of the study was to assess the
current structures, usage and demand for teleneurocriti-
cal consultations for ICU patients.

A questionnaire was specifically developed for this
study, comprising a total of 27 multiple-choice and hybrid
questions (including single-answer, semi-open and open-
ended questions) to capture both quantitative and quali-
tative aspects of tele-intensive care. Content validity was
ensured through expert review. A pretest was conducted
in three network centers to assess clarity and technical
functionality. Based on the feedback, minor adjustments
were made to improve the clarity and unambiguity of the
questions. The questionnaire captured typical practice
patterns and frequency categories rather than counts
over a predefined time window. The full questionnaire is
provided in the Supplement (Survey S1/S2).

Data collection took place between September 1 and
November 30, 2021. The questionnaire was created
using the online survey tool SurveyMonkey® (San Mateo,
USA) and distributed via individualized email links to
the respective network coordinators. To improve the
response rate, a structured follow-up process was imple-
mented. This included an email reminder four weeks
after the initial invitation, followed by targeted telephone
calls in cases of non-response after an additional four
weeks.

The questionnaire covered the following main topics:

« Structural characteristics of the network centers,
particularly regarding neurocritical care.

+ Use and implementation of teleneurocritical
consultations for ICU patients.

+ Experience with teleconsultation in diagnostic and
therapeutic decision-making.

« DPotential future applications of teleconsultation
services.

+ Training and continuing education offerings in
neurocritical care.

In parallel with the nationwide survey, a substudy was
conducted to assess the demand for teleneurocriti-
cal consultations at cooperating hospitals within one
telestroke network. For this purpose, six cooperating
hospitals of the Eastern Saxony Telemedicine Stroke Net-
work (SOS-TeleNet) were included in a separate survey
(Fig. 1). A dedicated questionnaire was developed for this
substudy, consisting of nine multiple-choice and hybrid
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Telestroke networks in Germany
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Fig. 1 Stroke networks participating in the survey and cooperating hospitals participating in the sub-study within the SOS-TeleNet stroke network

questions (single-answer, semi-open, and open-ended
formats). The main topics addressed were: the structural
capacity for intensive care at the participating hospitals,
the perceived need for teleneurocritical consultations
and the need for training in neurocritical nursing care.
The full questionnaire is also provided in the online sup-
plementary material.

Statistical analysis

Data analysis was performed descriptively using STATA
(Version 12.1, StataCorp, College Station, TX, USA). For
continuous variables, the median and interquartile range

(IQR) were calculated. Categorical variables were ana-
lyzed using absolute and relative frequencies. Missing
values within each topic section were excluded from the
analysis. All datasets were checked for completeness and
plausibility prior to analysis.

Results

Response rate and network participation

Of the 22 telemedicine stroke networks contacted across
Germany, 17 (77.3%) completed the online questionnaire.
Among these, 10 out of 17 (58.8%) participating centers
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were university hospitals. All participating centers pro-
vided complete responses to each questionnaire item.

Neurocritical care infrastructure in participating networks
Twelve of the surveyed centers (70.6%) reported operat-
ing a dedicated neurological intensive care unit (NICU).
The average NICU bed capacity was 10 beds (IQR: 8.5—
12). Eight centers (66.7%) had 5 to 10 beds, while four
(33.3%) provided at least 12 beds. One center reported
operating a 16-bed NICU. Not all NICU beds were
equipped for mechanical ventilation. In total, the sur-
veyed centers provided 119 NICU beds, of which 112
(94.1%) were ventilator-capable. The average number of
ventilator-capable NICU beds was 10 (IQR: 8-11).

In the five centers without a dedicated NICU, neuro-
logical ICU patients were treated in anesthesiology and/
or internal medicine intensive care units. These units
had appropriate capacity for the care of neurologically ill
patients. Four of these centers (80%) had more than 20
ventilator-capable ICU beds, while one (20%) had fewer
than 20 beds. Neurological care was primarily provided
by neurologists. Four of the five centers reported having
at least one board-certified neurologist with an additional
board certification in neurocritical care.

Demand and practice of teleneurocritical care
consultations

Eleven of 17 networks (64.7%) reported receiving neu-
rocritical care consultation requests from affiliated hos-
pitals. Among these 11 networks, 11 (100%) provided
consultations on an on-demand, 24/7 basis without fixed
scheduled rounds, whereas 1 (9.1%) additionally offered
scheduled teleconsultation sessions (e.g., once per week).
Four of 11 (36.4%) networks provided annual volume
estimates: 1/4 reported > 40 teleneurocritical care consul-
tations per month, while 3/4 reported 5 to 10 per month.
Regarding provider qualifications, 6/11 (54.5%) indicated
that consultations were handled by teleneurologists who
are also the primary consultants for acute stroke within
the networks; 4/11 (36.4%) reported provision by attend-
ing or senior physicians with training in neurocritical
care; and 1/11 (9.1%) by residents. Only 3/11 (27.3%)
reported that consultations were provided by neurolo-
gists with board certification in neurocritical care.

In four centers (36.4%), consultations were conducted
exclusively via telephone. Six centers (54.5%) also used
audio-video communication for teleconsultations. One
center reported that consultations were performed exclu-
sively through in-person assessments, either by in-house
neurologists or in collaboration with local neurologists.
Reported coverage was 24/7 and did not systematically
vary by day/night or weekday/weekend. In centers per-
forming teleconsultations, the telemedicine equipment
is typically relocated from the emergency department to
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the ICU, as dedicated telemedicine infrastructure is often
lacking in ICU settings. All six centers performing full
teleconsultations were able to assess brain imaging (CT/
MRI) after transmission. None of the surveyed networks
reported offering remote EEG interpretation.

All 11 networks (100%) indicated that most consulta-
tions addressed conditions already covered by the stroke
network, especially ischemic and hemorrhagic strokes.
Most also reported receiving consultations on other neu-
rological conditions and neuroprognostication (Fig. 2).
All centers regularly provided diagnostic and treatment
recommendations during consultations. In addition,
most centers reported offering guidance on goals-of-
care discussions, therapy limitation and patient trans-
fers. The frequency of these recommendations varied
between centers. Figure 3 shows the distribution of topics
addressed in neurocritical consultations.

Of the six networks that did not regularly receive ICU
consultation requests from affiliated hospitals, four
(66.7%) expressed interest in establishing a tele-neur-
ocritical consultation service. These centers identified
stroke (ischemic and hemorrhagic), treatment limitation
and prognosis, disorders of consciousness and seizures/
status epilepticus as particularly relevant indications
(100%). Prolonged weaning and rehabilitation potential
were considered relevant by three centers each (75%).
Delirium was identified by two centers (50%) and trau-
matic brain injury as well as CIP/CIM by one center
each (25%). Three centers (75%) indicated interest in
teleconsultations for guidance on the possible or antici-
pated diagnosis of brain death. Three of the four centers
(75%) preferred to provide consultations for acute cases
on demand, while standard coverage should be limited to
regular working hours.

Consultations on impending brain death

Six of the 11 networks (54.6%) reported receiving regular
consultation requests related to the diagnosis or manage-
ment of potentially impending brain death. In two cen-
ters, telephone consultation with imaging review was
provided; one of these also offered audio-video telecon-
sultation. In the remaining four centers (66.7%), consul-
tations were performed in person by neurologists from
the network visiting the cooperating hospitals. One cen-
ter (16%) had a designated brain death team. None of the
centers initiating brain death consultations reported con-
tacting the local transplant coordinators. Three centers
(50%) stated that they would involve the German organ
procurement organization (DSO) after initial consulta-
tion if necessary for further evaluation and coordination.

Reimbursement of neurocritical consultations
Only two of the surveyed networks (18.2%) reported
receiving separate reimbursement for neurocritical care
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Indications for teleneurocritical care reported by networks with ICU consultations
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Fig. 2 Values show the percentage of networks (denominator=11) that reported receiving teleneurocritical care consultations for each indication. Mul-
tiple responses were allowed; therefore, percentages do not sum to 100. Call-level counts by indication were not collected

consultations. This was achieved through existing frame-
work agreements (e.g., for unclear neurological condi-
tions) or through individual contracts with affiliated
hospitals covering ICU-related neurological consulta-
tions. The low share of separate reimbursement streams
refers to non-stroke teleneurocritical care; by contrast,
stroke-associated teleconsultations are typically reim-
bursed under existing telestroke arrangements (spoke-
side OPS billing and regional contracts) [2].

Education and nursing support in neurocritical care

Of the 17 networks, 13 (76.5%) expressed an interest in
involving ICU nursing staff in training or consultation
programs. Key areas identified included neurological
monitoring and scoring (100%), dysphagia management
in neurological patients (92.3%) and analgesia, sedation,
and delirium management (92.3%).

Substudy on the demand for teleneurocritical
consultations in spoke telestroke hospitals

All six hospitals participating in the substudy had anes-
thesiology-led ICUs; one also operated an internal medi-
cine ICU. The average number of ICU beds was 9.5 (IQR:

8-13), with an average of 9.5 ventilator-capable beds
(IQR: 6-10).

Half of the hospitals (50%) had an in-house neurologi-
cal consultation service, while 33.3% relied on external
providers and 16.7% on outpatient neurologists. Con-
sultations were requested on demand, primarily for dis-
orders of consciousness (100%), epilepsy (100%), stroke
(83.3%), traumatic brain injury (50%), delirium (50%),
and prolonged weaning (33.3%). Common neuroprog-
nostic topics included irreversible brain function loss
(83.3%), general prognosis estimation (83.3%), rehabilita-
tion potential (83.3%), and treatment limitation (33.3%).

Spoke hospitals identified stroke (66.7%) and suspected
or impending brain death (66.7%) as the most pressing
indications for teleneurocritical consultations, followed
by prognosis estimation (50%) and therapy limitation
(50%). They self-estimated a median of 1.75 teleneuro-
critical care consultations per month (IQR: 1.5-4).

From a nursing perspective, the most relevant topics
for consultation or training were neurological monitoring
and scoring (66.7%), dysphagia management (66.7%), and
analgesia, sedation, and delirium management (50%).
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Actions and downstream consequences reported by networks with ICU consultations
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Fig. 3 Values show the percentage of networks (overall denominator=11) that reported each action/outcome (e.g., diagnostic or treatment recommen-
dations; patient transfer occurring in some consultations). These are network-level indicators. For each panel, the badge displays the number of reporting
networks (e.g., 7/11). The radar (“spider web") plot shows the distribution of frequency categories among those reporting networks only and the radius

encodes the count of networks in that category

Discussion

The results of this survey conducted in Germany indicate
that two-thirds of established stroke networks already
receive consultation requests from intensive care units of
affiliated partner hospitals. These are typically addressed
via telephone and in individual cases, through on-site vis-
its. Only six centers currently provide neurocritical care
consultations via telemedicine using audio-video com-
munication, which also enables remote imaging review.

Financial reimbursement for these services is secured in
only two of the networks.

Within established stroke networks, affiliated hospitals
have low-threshold access to neurocritical care exper-
tise, as they can draw on existing infrastructure and well-
established communication channels. For more than two
decades, telemedicine-based stroke networks have con-
tributed to ensuring acute stroke care in neurologically
underserved, often rural areas [2]. In contrast, there is no
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structured telemedical care for neurocritical care patients
in Germany. However, our findings indicate a clear
demand for such a structure. This need, as expressed by
the coordinating centers, must be interpreted in the con-
text of the generally limited availability of neurocritical
care expertise [6]. Neurologically managed ICUs remain
rare and although the formal qualification in neurocriti-
cal care can be obtained through medical boards, it is not
broadly integrated into clinical training.

It is important to distinguish teleneurocritical care
from telestroke and general teleneurology. Telestroke pri-
marily addresses hyperacute cerebrovascular pathways
(reperfusion decisions and transfer coordination) within
narrow time windows. By contrast, teleneurocritical care
targets the broader, ongoing management of neurologi-
cally ill ICU patients - e.g., refractory status epilepticus,
neuroprognostication (including suspected brain death),
secondary neurological complications (delirium, criti-
cal-illness polyneuropathy, dysphagia) and goal-of-care
discussions - often beyond the initial triage phase [7-9].
Compared with ad-hoc teleneurology, teleneurocritical
care requires continuous availability, integration with
ICU workflows (ventilation, sedation, hemodynamics)
and close collaboration with critical-care teams. Pros
of teleneurocritical care include timely specialist input
beyond reperfusion care, standardized protocols and the
potential to avoid transfers when appropriate; limitations
include heterogeneous reimbursement, staffing demands
and implementation variability.

Telemedical evaluation of critically ill neurological
patients, including audiovisual assessments and imaging
review, can be implemented relatively easily within the
existing infrastructure of stroke networks. The required
technical framework is already in place for acute stroke
care and could be adapted for neurocritical care. EEG
transmission is currently not part of routine telemedical
care, although viable technical solutions exist and could
be implemented.

Telemedicine has proven to be a robust and reliable
means of delivering specialist expertise, supporting the
provision of high-quality care across broad geographic
areas. Studies conducted during the COVID-19 pan-
demic demonstrate that telemedical stroke care remained
accessible and functional throughout the crisis [11, 12].
Beyond pandemic-specific contexts, high levels of accep-
tance for tele-ICU consultation services have also been
observed in general ICU populations [3]. Potential ben-
efits of tele-neurointensive consultations include reduc-
tions in hospital mortality and ICU length of stay. In a
cohort of more than 6,000 patients from various ICUs,
significant improvements were seen in key quality indi-
cators such as complication rates, mortality and ICU
stay duration [3]. A subsequent controlled multicenter
study including over 100,000 patients and data from
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neurological ICUs confirmed these findings [13]. Early
involvement of specialists, development of structured
treatment plans, adherence to evidence-based guidelines,
and interdisciplinary collaboration emerged as key fac-
tors in improving outcomes. These observations are con-
sistent with evidence that care in dedicated neurocritical
care units is associated with lower mortality compared
with general ICUs, and that teleneurocritical care can
achieve outcomes comparable to in-person neurocritical
care in selected ICU stroke pathways [7-9, 14].

The ERIC (Enhanced Recovery after Intensive Care)
study demonstrated the effectiveness of telemedical sup-
port in improving the quality of ICU care [16, 17]. Sig-
nificant improvements were observed in seven out of
eight quality indicators defined by the German Inter-
disciplinary Association for Intensive and Emergency
Medicine (DIVI), with the strongest effect seen in the
indicator “early weaning from mechanical ventilation”
These effects are likely transferable to neurocritical care
settings. The findings from ERIC contributed to the
development of a new policy on intensive care centers,
issued by the Federal Joint Committee (G-BA) in Octo-
ber 2023 [17]. These centers are intended to strengthen
interdisciplinary and interprofessional care, as well as
the regional coordination of intensive care services. Tele-
intensive care is a core element of these networks and
the inclusion of neurologically led ICUs and neurological
expertise is seen as particularly important.

Neuroprognostication also represents a central com-
ponent of neurocritical consultations, particularly in
cases of primary or secondary brain injury. The latter are
often managed on non-neurological ICUs, where prog-
nosis regarding long-term functional outcome frequently
requires specialized neurological expertise [6]. Telemedi-
cine could provide accessible neurointensive expertise
to guide diagnostic and therapeutic pathways, especially
in the context of prognostically driven decisions such as
goal-of-care transitions [18].

In this context, early recognition of potentially impend-
ing brain death is also relevant. Over 80% of surveyed
centers reported impending brain death as an indica-
tion for neurointensive consultation. A persistent deficit
in detection of patients who potentially progress toward
brain death significantly contributes to the ongoing low
organ donation rate in Germany [19]. Initial studies have
examined the use of telemedicine to support brain death
diagnostics [20, 21]. Implementation of bidirectional
audio-video teleconsultation in ICUs was associated
with an increase in the identification of potential organ
donors. One study reported that after the introduction of
a teleneurology service, the proportion of patients fulfill-
ing brain death criteria and medically eligible for organ
donation increased 2.6-fold (8.9% vs. 21.1%) and real-
ized postmortem donations increased 2.1-fold (6.1% vs.
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13.1%) [21]. Brain death determination is time-critical
and timely expert evaluation may increase the likelihood
of family consent and successful organ donation [22]. The
median time between teleconsultation request and ini-
tiation of consultation in the cited study was 20.2 min,
underlining the rapid availability of neurological exper-
tise. Notably, telemedicine was used not only for prog-
nostic assessments but also for direct supervision of the
brain death diagnostic process. Teleneurology can thus
ensure timely access to specialist knowledge, particu-
larly in supporting communication with families during
this sensitive process. Future research should explore
the integration of tele-neurointensive consultation into
brain death diagnostics and its impact on organ dona-
tion processes, without replacing on-site neurointensive
specialists.

Currently, there is no comprehensive reimbursement
structure for teleneurocritical care in Germany. In our
survey, only two networks reported receiving funding
for their consultation services. The new G-BA center
regulations may, for the first time, provide a sustainable
reimbursement framework, although implementation
and funding levels remain to be defined [17]. Rather than
isolated, center-specific solutions, nationwide regulatory
frameworks should be pursued by networks engaged in
tele-ICU medicine. Interdisciplinary collaboration - a
defining feature of these centers - offers neurology an
opportunity to strengthen its role in intensive care and
to contribute to regional care structures, similar to tele-
neurology in stroke care. As part of ongoing hospital
reform with service-group designation across care levels,
telemedical collaboration will likely gain importance. The
experience from telestroke provides a solid foundation to
extend these processes to interdisciplinary, cross-sector
tele-ICU care.

This study has limitations. It is based on a survey con-
ducted among established tele-stroke networks in Ger-
many. However, not all of the 22 networks participated,
which may limit the external validity of the findings. Fur-
thermore, it is possible that networks not affiliated with
the German Stroke Society were not reached. The results
reflect the perspectives of network coordinators and may
be subject to respondent and recall bias. Because no
fixed recall window was specified, frequency reports may
vary by respondents’ internal reference periods, limiting
direct volume comparisons across networks.

Conclusions

A promising avenue for the further development of tele-
neurocritical care lies in the targeted expansion of exist-
ing tele-stroke infrastructures. By adapting available
technology and leveraging established organizational
frameworks, new areas of application can be integrated.
Key aspects such as neuroprognostication and the
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perspective of nursing care should be included in this
process. A sustainable financing model is essential to
ensure broad access to high-quality care for neurologi-
cally critically ill patients. The ongoing hospital reform in
Germany may offer a timely opportunity to anchor this
care model within future service structures.
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