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Abstract

Background: Both diagnosis and treatment of neurological emergencies require neurological expertise and are
time-sensitive. The lack of fast neurological expertise in regions with underserved infrastructure poses a major
barrier for state-of-the-art care of patients with acute neurological diseases and leads to disparity in provision of
health care. The main purpose of ANNOTeM (acute neurological care in North East Germany with telemedicine
support) is to establish effective and sustainable support structures for evidence based treatments for stroke and
other neurological emergencies and to improve outcome for acute neurological diseases in these rural regions.

Methods: A “hub-and-spoke” network structure was implemented connecting three academic neurological centres
("hubs”) and rural hospitals (“spokes”) caring for neurological emergencies. The network structure includes (1) the
establishment of a 24/7 telemedicine consultation service, (2) the implementation of standardized operating
procedures (SOPs) in the network hospitals, (3) a multiprofessional training scheme, and (4) a quality management
program. Data from three major health insurance companies as well as data from the quality management program
are being collected and evaluated. Primary outcome is the composite of first time of receiving paid outpatient nursing
care, first time of receiving care in a nursing home, or death within 90 days after hospital admission.

Discussion: Beyond stroke only few studies have assessed the effects of telemedically supported networks on
diagnosis and outcome of neurological emergencies. ANNOTeM will provide information whether this approach leads
to improved outcome. In addition, a health economic analysis will be performed.
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Background

The implementation of stroke units [1] along with the
advent of intravenous thrombolysis [1] as well as
thrombectomy of large vessel occlusion [2] has led to a
huge leap in evidence-based acute stroke therapy. How-
ever, treatment effects are time-sensitive and depend on
swift application of specific therapies. This is not only
true for stroke but also for other neurological emergen-
cies like seizures, meningoencephalitis, and spinal cord
injury, where fast and effective diagnostication and treat-
ment have been shown to improve outcome [3-5].
Neurological emergencies are a major cause of func-
tional dependence [6]. Hospitals with emergency depart-
ments but without a neurology sercive may struggle to
provide up-to-date care for patients with neurological
emergencies. This applies particularly to rural and other
regions with underserved infrastructure. Unfortunately,
most neurological diseases peak at higher age, which
means that rural areas with typically elderly populations
face a particular challenge in providing appropriate care.

Telemedicine networks offer the potential for provid-
ing neurological expertise for emergency departments
without expert neurologists [7]. In fact, neurological dis-
eases can be adequately assessed via audiovisual examin-
ation because typical neurological deficits like palsies,
disturbances of speech or consciousness can be reliably
captured via video stream [8, 9] and brain imaging is
easily transferable digitally.

Telestroke networks have been developed as a blue-
print for teleneurological treatment during recent years.
Treatment of acute stroke using telemedicine resulted in
more frequent and appropriate application of intraven-
ous thrombolysis [10, 11] and was associated with im-
proved outcome [12]. What is more, “telestroke” proved
to be cost-effective [13] making stroke one of the most
frequent indications for telemedicine in several countries
(Refs als from US, Germany etc).

Aims

ANNOTeM (acute neurological care in North-East
Germany with telemedicine support) aims to improve
health care by use of telemedicine for acute time-
dependent neurological diseases beyond stroke, in par-
ticular coma/status epilepticus, meningoencephalitis,
and spinal cord injury, and therefore establish

sustainable structures for implementation of evidence
based treatments in underserved areas in North-East
Germany.

Methods/design

Hypothesis

A multi-component intervention with telemedicine sup-
port for neurological emergency care extends time to
death or first time of receiving paid outpatient nursing
care or first time of receiving care in a nursing home
within 90 days after hospital admission.

Study design and setting

ANNOTeM is a multi-center, controlled, open-label, two-
arm intervention study. Primary and secondary outcomes
will be evaluated for pre- and post-implemention of the
network. The ANNOTEM intervention started in Novem-
ber 2017 and is expected to run until the end of July 2020.

Conventional care

Community hospitals, except one without a neurology
department, were included in the teleneurological net-
work if they had treated a significant number of at least
50 patients per year with main discharge diagnosis of an
acute neurological disease. During the control period,
patients had usually been admitted to the internal medi-
cine department and had been seen by a neurologist the
following day at the earliest. Typically, management of
acute neurological diseases had not been based on stan-
dardized operating procedures (SOP) in these hospitals
prior to the project.

Intervention

Structure of the network

The teleneurological network ANNOTeM consists of a
consortium of four neurocenters (Charité -Universitats-
medizin Berlin, Universititsmedizin Greifswald, Unfallk-
rankenhaus  Berlin, Epilepsieklinik ~ Tabor)  with
neurological and epileptological expertise, three health
insurance companies (Allgemeine Ortskrankenkasse
Nordost, Potsdam (AOK Nordost), Barmer Ersatzkasse,
Wuppertal (BARMER), Techniker Krankenkasse, Ham-
burg (TK)), one technology partner specialized on tele-
medicine communication products (MEYTEC,
Werneuchen, Germany) and the Institute of Public
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Health, Charité -Universitiatsmedizin Berlin,as evaluating
institute. The consortium is led by the Charité - Univer-
sitdtsmedizin Berlin. The clinical centers provide tele-
neurological care to 11 regional hospitals in the
northeastern federal states of Germany (2 in
Mecklenburg-Western Pomerania, 8 in Brandenburg
and one in Saxony-Anhalt). One regional hospital runs
its own neurological department with a certified regional
Stroke Unit. In the ten hospitals, the “Neuro Acute
Units” were set up as part of the intervention and man-
aged by the respective departments of internal medicine
in nine hospitals, whereas in the remaining hospital the
“Neuro Acute Unit” is managed as part of an interdiscip-
linary intensive care unit. In addition, the network coop-
erates with other neurological, neuroradiological and
neurosurgical facilities in the region.

Neuro-acute-units

The structure of the “Neuro-Acute-Units” is based on
the concept of the German Tele-Stroke-Units [14] and
aims at specialized treatment for a broader spectrum of
acute neurological diseases. In addition to the standards
already defined for Tele-Stroke Units, quality manage-
ment, training, courses, and bed-side visits will be ex-
tended to the management other acute neurological
diseases considered as part of the intervention for physi-
cians, nurses and therapists.

Implementation of standardized operating procedures

Standardized operating procedures (SOP) for manage-
ment of acute stroke, epileptic seizures/epilepsy, menin-
gitis/encephalitis, and acute spinal cord injury were
developed by consensus of the four neurocenters [15,
16]. These SOPs are generally based on the guidelines of
the German Neurological Society (Deutsche Gesellschaft
fiir Neurologie, DGN) und Joint Workgroup of German
Medical Societies (Arbeitsgemeinschaft der Wissenschaf-
tlichen Medizinischen Fachgesellschaften, AWMEF), but
had to be adapted in some aspects with regard to the
telemedicine setting. Furthermore, they undergo regular
updates according to the evolving scientific evidence. Be-
fore initiating teleconsultations, each SOP was presented
to each team of the network hospitals followed by a dis-
cussion of their implementation in clinical routine.

Quality management

With start of the network, each cooperating community
hospital started documentation of quality indicators within
the quality assessment for stroke in Northwest Germany
(Qualitdtssicherung ~ Schlaganfall ~ Nordwestdeutschland,
based on the Arbeitsgemeinschaft Deutschsprachiger Schla-
ganfall Register (ADSR)). The ANNOTeM network devel-
oped additional quality assessment instruments for other
acute  neurological diseases (epilepsy, meningitis/
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encephalitis, and spinal cord injury) for their use in the re-
gional hospitals.

In addition to quality assessment, regular meetings on
treatment quality are held in the cooperating regional
hospitals with mutual discussion of the proportions of
patients presented via telemedicine, documentation rates
as well as the SOP-adherence and interhospital transfers
of patients.

Teleneurological consultations

Teleneurological consultations are provided by physi-
cians who are experienced in stroke treatment and meet
the standard of board certified neurologists for diagnosis
and treatment of neurological emergencies. The consult-
ation service is staffed 24/7 by a full-time physician. All
physicians working in the telemedicine service receive a
practice training for the technical system as well as for
the procedures of teleneurological examination and
treatment of patients. The cooperating regional hospitals
can present all patients with acute neurological symp-
toms in teleconsultation. For this purpose, a hotline is
used to contact the telemedicine centers. The patient is
examined via video conference with remote-controlled
camera together with the onsite physician. In addition,
there is a connection to the imaging data systems of the
cooperating regional hospitals. This can be used to for-
ward any computer tomography (CT) or magnetic res-
onance imaging (MRI) images to a central Picture
Archiving and Communication System (PACS), access-
ible from the teleneurology hubs. The data transfer in
ANNOTeM is realized as a point-to-point connection
between the respective active neurocentres and the re-
gional cooperation hospitals (see Fig. 1). All connections
are encrypted according to state-of-the-art data protec-
tion requirements (GDPR, General Data Protection
Rules). Data are stored on secured servers with access
restricten to staff of the medical project management.
Video streams are not stored. After each consultation, a
written statement with recommendations for acute treat-
ment and further diagnostic procedures is sent electron-
ically (PDF) to the regional hospital and printed
automatically. During the monitoring on the neuro-
acute unit, a board certified neurologist sees the patient
during ward rounds on a daily basis.

Transfer management

Patients who need specialized treatment beyond the cap-
acities of the implemented “Neuro-Acute-Units” (in par-
ticular patients with need for neuroradiological or
neurosurgical treatment, not being available in regional
network hospitals) are transferred to the nearest suitable
hospital. In order to avoid delays in the referral hospital,
point-to-point connections have been established be-
tween the telemedicine centres and the various referral
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Fig. 1 Representation of data flows in the telemedical network ANNOTeM. The video data is transmitted as a stream using a point-to-point
connection, while the documentation and other examination data are stored in a central repository. With permission of MEYTEC GmbH, the
telemedical equipment used in ANNOTeM is shown (left: VIMED TELEDOC, right: VIMED DOC)

hospitals, allowing the transmission of imaging data col-
lected in network hospitals. In addition, referral hospitals
report data on processes and in-hospital outcomes for
the respective patients to the coordinating center.

Study population

Inclusion criteria

To determine the composite primary outcome of time to
death or first-time care at home or paid care support for
the first time within 90 days after the index event, we
will use routine data from three cooperating health in-
surance companies (AOK Nordost, BARMER, TK). For
this purpose, eligible study participants must (1) have
continuous health insurance with one of these health in-
surers during the evaluation period, (2) be admitted dur-
ing the intervention or control period to one of the
cooperating regional hospitals, (3) have a neurological
diagnosis (International Classification of Diseases (ICD)-
10 main diagnosis) such as stroke (160-64), status epi-
lepticus or impaired level of consciousness (G41, R40),
meningitis /encephalitis (A82.0-2, A85-87, G00-03,
G06-09), acute spinal cord injury (S14, S24, S34, G82),
(4) and be over 18 years of age of both sexes.

We had originally planned to include patients diag-
nosed with traumatic brain injury (S06—07) in an earliert
version of the study protocoll. However, since patients
with traumatic brain injury are only rarely managed by
our project partners in the participating regional hospi-
tals they are not included in the primary study popula-
tion, but rather as a companion study population in a
sensitivity analysis.

Intervention group (post-implementation)

The intervention group consists of patients treated in
one of the eleven cooperating regional hospitals diag-
nosed with any of the acute neurological diseases
(stroke, seizures/status epilepticus, meningoencephalitis,
and spinal cord injury) defined in inclusion criteria be-
tween November 2017 and July 2020.

Control group (pre-implementation)

Patients included in the control group were admitted
and treated with one of the above mentioned acute
neurological diseases in the same cooperating regional
hospitals between November 2014 and May 2017, i.e.
before start of the ANNOTeM implementation.

Comparisons

Comparison of control and intervention period in
cooperating regional hospitals

Patients with a diagnosis of a defined acute neurological
disease and admitted to the cooperating regional hospi-
tals during the intervention period from November 2017
to July 2020 are compared with patients of the same
diagnosis group during the control period from Novem-
ber 2014 to May 2017 before the start of the
intervention.

Comparison with non-participating hospitals

In order to investigate whether differences in outcome
in the cooperating hospitals may be caused by temporal
trends, the composite primary outcome will also be ana-
lysed for the same two periods in patients fulfilling the



Weber et al. BMC Health Services Research (2020) 20:755

identical inclusion criteria but being treated in hospitals
of the same region that do not participate in the network
(non-network community hospitals). The non-network
hospitals were matched according to geographical loca-
tion, size and amount of acute neurological cases per
year. Data for this comparison are also provided by the
three insurance companies.

Study objectives

Primary outcomes

The composite primary composite outcome is time to 1)
death, 2) first-time nursing home care or, 3) paid out-
patient nursing care for the first time within 90 days
after the index event, whichever occurs first.

Secondary outcomes

Secondary outcomes are: 1) Treatment proportions for
evidence-based therapies such as Stroke Unit treatment,
intravenous thrombolysis, endovascular thrombectomy,
hemicraniectomy; 2) Hospital transfers; 3) Mortality
(Cox regression); 4) Nursing home care; 5) Costs for
acute inpatient treatment, hospital transfers, rehabilita-
tion treatment and nursing care.

Sample size calculation

Sample size was calculated on the assumption that the
implementation of the ANNOTeM concept in the co-
operating regional hospitals reduces the rate of depend-
ency from 39% in the control period to 32% in the
intervention period, i.e. a relative reduction by one fifth.
The assumptions are based on the results of the TEMPiS
trial [13].

Patient recruitment started in November 2017 and will
run to 31 July 2020. According to the annual case num-
bers, at least 1820 patients per group with defined inclu-
sion criteria are expected in the eleven cooperating
regional hospitals during the intervention period. This
sample size ensures a power of 80% (corresponding to a
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beta of 0.20) and an alpha of 5% for a two-sided test.
Case size calculation was performed in nQuery Advisor
7.0.

Study time scale

Eligible patients who were admitted to the cooperating
hospitals from November 16th 2014 to May 31st 2017
will form the control group. After an implementation
period of the ANNOTeM concept, patient recruitment
was started in November 2017 in the first intervention
hospitals and will continue until July 2020 for primary
analysis with 90 days’ follow-up (for details see Table 1).
The same periods will be used for the evaluation of time
trends in non-network hospitals.

An interim analysis without significance testing is
planned after completion of 50% of patient follow-ups in
order to inform decision makers about the progress of
the scientific evaluation and options for transition into
regular care; after the last follow-up is completed end of
October 2020, the final analysis is expected in January
2021 (Fig. 2).

Statistical analyses

Primary analysis

Because health insurance data will be provided anonym-
ously, we cannot determine the effect of telemedicine
consultation on an individual patient level. Rather, we
will evaluate the effects of the ANNOTeM concept in
clusters. The primary outcome will be analysed as the
time from the index visit to the occurrence of the com-
pound outcome as described above. Separate Cox
models will be fitted for eligible patients insured at the
cooperating health insurance companies, admitted and
treated in both, the pre-implementation period and the
intervention period. Cox models will comprise sex (m/f
only), age and co-morbidity (Y/N) as covariates. Hazard
rate ratios will be used to compare time-to-compound
event between the two periods. All tests will be

Table 1 Start of implementation and recruitment of patients as well as end of recruitment of the intervention hospitals in the study

Intervention hospitals Start of implementation period

start of recruitment end of recruitment

BER 10/04/2017
LUD 07/02/2017
NAU 07/08/2017
LUC 08/20/2017
KYR 12/11/2017
STR 12/23/2017
TEM 12/30/2017
RAT 10/06/2018
UEC 10/16/2018
GAR 11/12/2018

PRE 10/16/2018

01/02/2018 07/31/2020
11/16/2017 07/31/2020
11/16/2017 07/31/2020
11/18/2017 07/31/2020
11/16/2018 07/31/2020
03/23/2018 07/31/2020
03/30/2018 07/31/2020
01/04/2019 07/31/2020
01/14/2019 07/31/2020
02/10/2019 07/31/2020
01/14/2019 07/31/2020
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performed at a significance level of alpha = 0.05, adjusted
for two-sided testing and the k=6 tests of the primary
and secondary analysis. All tests will be performed using
the statistics package ‘R’ (version 3.6).

Secondary analysis

The secondary analysis compares the survival rates ob-
tained in the primary for the network clinics with the group
of non-cooperating hospitals using the log-rank-test for 2 x
2 factorial designs (control vs intervention period and net-
work vs non-network hospitals). A treatment effect will be
revealed by a significant interaction in favour of the net-
work clinics during the intervention period.

Sensitivity analysis

In a sensitivity analysis, we extend the follow-up of the
composite primary outcome to 120 days after the index
event. Secondly, we perform separate analyses for the
outcomes death, first-time nursing home care and paid
nursing care for the first time, which together make up
the composite endpoint in the primary analysis. Thirdly,
we perform a subgroup analysis of the composite pri-
mary outcome for following groups: patients with stroke
vs other defined acute neurological diseases; patients
with vs without nursing care before the index event; pa-
tients in cooperating hospitals with vs without neuro-
logical departments or telemedicine support before the
start of the ANNOTeM intervention. Finally, we investi-
gate patients in the cooperating hospitals with traumatic
brain injuries who cannot be included in the main inter-
vention group as a companion study population.

Data collection, management, and analysis

Data collection methods

The health insurance data for determining the defined
outcomes are provided by the cooperating statutory
health insurance companies (AOK Nordost, BARMER,

TK) in accordance with the defined inclusion criteria.
Within the framework of ANNOTeM, pseudonymised
personal data of the health insurances will be transmit-
ted in accordance with §75 Social Security Code V to a
third trust party, which forwards the data in anonymised
form to the evaluating institute. This forwarding has
been approved by the supervisory authorities of the par-
ticipating health insurance companies.

In addition to the account data for identifying the de-
fined outcomes and costs, basic data on age and sex, in-
surance status and paid nursing care or nursing home
care are provided at the beginning of observation.

Data management

The manual for data management was approved by
TMEF (Technologies, Methods and Infrastructure for
Networked Medical Research) and the data protection
officer of the Charité.

Discussion

Ageing populations along with structural deficits in
underserved regions of North-East Germany [17] with
an increasing shortage of medical specialists are major
challenges in providing state-of-the-art treatment for
acute neurological patients. At the same time, there is a
need for comprehensive access to new, evidence-based
therapies and standardized operating procedures for
neurological emergencies in community hospitals,
mostly without a neurology department. New initiatives
to combine medical expertise with the use of modern in-
frastructural components have been established within
the framework of telemedicine networks. So far, evi-
dence for improving the quality of care is only available
from acute telestroke projects. Hence, there is a need for
large-scale studies that examine the benefits of such net-
works for outcomes and cost-effectiveness. ANNOTeM
evaluates clinical outcomes for patients with acute
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neurological diseases including but not exclusively stroke
treated with telemedicine support. ANNOTeM aims to
establish and sustainably improve regional structures by
continuous knowledge transfer to all professional groups
involved in the care of acute neurological patients in the
regional hospitals by continuous training and the intro-
duction of standardized processes.

We acknowledge several limitations of the study: Changes
in the care of patients with effects on the primary outcomes
measured here may occur independently of study design
through health policy measures and health care innovations.
This can result in an overestimate of improved care for the
intervention group compared to the pre-implementation
control group. In order to control for this possible time
trend, we have introduced a parallel control group of patients
treated in non-network hospitals. A further limitation is that
the definition of part of the composite outcome is based on
routine data of the health insurances. It is possible that pa-
tients or their relatives do not apply for home care support
provided by the health system even when they have a re-
spective need of assistance. In addition, the decision for
home care also depends, among other things, on the avail-
able social support at home or personal preferences. How-
ever, previous analyses have shown that the parameters of
care support and home care correlate well with the degree of
disability [18]. The approach taken in this project will be
evaluated in the setting of the German health care system
and results can therefore not be generalized.

On the other side, the study has several important
strengths. First, the total number of patients treated in the
hospitals with regard to the main diagnoses is recorded on
the basis of health insurance data. Thus, the bias of patient
selection by informed consent procedures often present in
clinical studies is minimized. Second, study outcomes are
assessed independently. Third, the combination of data
collected within the telemedicine consultations along with
quality management of the health insurance data provide
the opportunity to evaluate the effects with a direct link to
the health care context.

Study status
The intervention started in November 2017 and results
are expected in January 2021.
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