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Abstract 

Background Acute stroke treatment is time-critical. To provide qualified stroke care in areas without 24/7 availability 
of a stroke neurologist, the concept of teleneurology was established, which is based on remote video communica-
tion through telemedicine organized by telestroke networks. Data on the effectiveness and efficiency of stroke treat-
ment via teleneurology is very scarce and is therefore partly questioned in the healthcare sector. The aim was to eval-
uate stroke care in hospitals with and without teleneurology in Northern Germany.

Methods We conducted a retrospective case–control data analysis using health insurance claims data for the years 
2018 to 2021. Based on pre-defined criteria, two models were defined and clinical as well as health economic param-
eters were compared. In model 1, we compared patients from hospitals with and without support by a telestroke 
network, while in model 2, we compared patients from hospitals with and without support by a telestroke network, 
including only districts without a certified stroke unit. Assessed parameters were age, length of stay, patients’ comor-
bidities, inpatient costs, reasons for discharge, qualified stroke care treatment according to operation and procedure 
codes (OPS) and intravenous thrombolysis (IVT) rates.

Results Hospitals supported by a telestroke network improved their rate of stroke care according to OPS 
and increased more than three-fold their IVT rate (p = 0.042). In comparison, patients from hospitals with support 
by a telestroke network had a higher number and rate of qualified stroke care according to OPS (model 1: 73.6% vs 
2.2%, p < 0.001 and model 2: 57.0% vs 3.8%, p < 0.001), higher rate of IVT (model 1: 9.5% vs. 0.0%, p = 0.027 and model 
2: 10.3% vs 0.0%, p = 0.056) and a lower rate of secondary transfers to another hospital (model 1: 5.9% vs. 28.9%, 
p < 0.001 and model 2: 5.6% vs 30.1%, p < 0.001). Inpatient costs were lower in cases treated in hospitals with support 
by a telestroke network (model 1: 4,476€ vs. 5,549€, p = 0.03 and model 2: 4,374€ vs. 5,309€, p = 0.02). In multivariate 
analysis costs were independently associated with length of stay and patient transfer to another hospital but not with 
support by a telestroke network.
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Background
Stroke is the second leading cause of disability and 
death worldwide [1]. The annual incidence of stroke and 
stroke-related death increased worldwide between 1990 
and 2021 [2]. Stroke is also associated with high costs. 
A recent study showed that approximately $393 billion, 
which is about 0.3% of the total global GDP, was associ-
ated with costs of treatment, rehabilitation, social care 
and informal care of stroke in 2017 [3]. The burden of 
stroke is a common problem in Germany, and demo-
graphic change is exacerbating the problem. In Germany, 
approximately 250,000 strokes occur annually. A study, 
which used statutory health insurance billing data for 
calculation, stated a 1-year prevalence of 317 cases per 
100,000 inhabitants for the year 2007 [4].

During an acute untreated large ischemic stroke up to 
1.9 million neurons die every minute and the brain ages 
by 3.6 years per hour [5]. Accordingly, acute recanalizing 
stroke care consisting of intravenous thrombolysis (IVT) 
and endovascular treatment (EVT) is time-critical urg-
ing the need for organized acute stroke care [6, 7]. The 
in-hospital treatment of stroke patients should take place 
in accordance with a stroke unit (SU) concept [8]. This 
includes monitoring of vital signs, blood pressure and 
heart rhythm, early treatment of complications and neu-
rological deficits and optimised diagnostics for decision-
making for secondary prevention. In Germany, currently 
314 certified neurological SU are available [9]. They 
provide the best possible stroke care but are resource-
intensive requiring a number of qualified personal. Con-
sequently, some regions in Germany have persistent low 
coverage by SU [10]. However, it is discussed that poor 
SU coverage is related to regional structural weakness. 
The alternative is treatment in the next hospital close to 
the patients’ home without a specialized SU and no 24/7 
availability of a stroke neurologist denying the patient the 
required qualified stroke treatment.

To fill this gap, the concept of teleneurology was devel-
oped, based on teleconsultation via remote video trans-
mission, ensuring immediate qualified neurological 
examination, even while the patient is in the emergency 
room. Teleneurology is considered as a technology-inten-
sive, but resource-saving method to provide expertise to 
local hospitals and to ensure acute treatment [11]. The 
first German telestroke network was implemented in 
Southern Germany in 2001 [12]. Teleneurological stroke 

treatment has continued to grow in Germany, result-
ing in 225 hospitals offering stroke treatment supported 
by a telestroke network adjacent to a comprehensive 
stroke center (CSC) [13]. As a result, currently every 
10th stroke patient in Germany receives telemedical care 
[14]. Despite SU concepts and partially teleneurologically 
supported SU treatments, there are still regions without 
sufficient stroke treatment availability. In these regions, 
patients do not have access to specialized treatment, 
leading to an increased burden on patients’ life as well 
as on the healthcare system. In Germany, data showing 
the extent to which teleneurology improves stroke care 
is limited. Nevertheless, in 2003 an advantage for tel-
emedicine has been shown in the state of Bavaria where 
acute stroke care improved in hospitals supported by 
a telestroke network [15]. Nevertheless, the benefits of 
teleneurology for stroke treatment are partly questioned 
in the healthcare system e.g. by payers, so that further 
data is needed. The aim of the current study is to evalu-
ate stroke care in hospitals with and without support by 
a telestroke network in the state of Lower Saxony, Ger-
many by comparison of rates of qualified stroke care 
according to OPS, specialized therapy using IVT, transfer 
rates and treatment costs.

Methods
Study population
We used pseudonymized statutory health insurance 
claims data from the Techniker Krankenkasse (TK) 
Lower Saxony (~ 930,000 insurees) between 2018 and 
2021 to investigate teleneurological stroke care of the tel-
eneurology network of a tertiary care center (Hannover 
Medical School teleneurology network: MHH TNN) and 
affiliated hospitals. The dataset contained both first and 
subsequent hospital stays from 2018 to 2021. Only cases 
with either a primary discharge or secondary diagnosis of 
stroke or transient ischemic attack (TIA) were selected. 
TIA patients were explicitly included, as they are com-
parable to the group of ischemic or hemorrhagic stroke 
in terms of cardiovascular risk and risk of recurrence. In 
many patients, a TIA cannot yet be differentiated from an 
infarction at the time of symptoms and should be treated 
at a stroke unit according to the guidelines of the Ger-
man Neurological Society [8]. All cases of patients were 
excluded which were under 18 years of age, had a hospital 
stay > 365 days, were treated prior to 2018 and after 2021, 

Conclusion Hospitals with support by a telestroke network are associated with improved qualified stroke care result-
ing in higher rates of IVT and stroke care according to OPS codes as well as lower rates of onward transfers. Costs 
per patient were independently associated with transfer rates and length of hospital stay.
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had no assigned hospital or were cases from the hospitals 
supported by the telestroke network prior to establishing 
the support (2 hospitals affected).

Patient’s characteristics as well as quality indicators 
such as rates of achieved stroke care according to opera-
tion and procedure codes (OPS) and IVT as specialised 
treatment for acute ischemic stroke were collected. Rates 
of stroke care according to OPS refers to the following 
codes 8-980 (basic intensive-care treatment); 8-98f (com-
plex intensive-care treatment); 8-981 (SU treatment); 
8-98b (Other complex multimodal treatment: Other 
complex neurological treatment of acute stroke) issued 
by the German Federal Institute for Drugs and Medical 
Devices existing in the German diagnosis-related-group 
system [16, 17]. Secondly, patients treated in hospitals 
with support by a telestroke network were compared at 
the hospital and district level to hospitals without SU 
or support by a telestroke network and their according 
districts (see description of models 1 and 2 in the next 
paragraph). The study population included all insured 
persons of TK with inpatient ICD-10-GM diagnosis 
codes I60: subarachnoid hemorrhage, I61: intracerebral 
hemorrhage, I62: other nontraumatic intracranial hem-
orrhage, I63: cerebral infarction, I64: stroke not classified 
as hemorrhage or infarction and G45: transient cerebral 
ischemic attack (TIA) and related syndromes.

Study Design
Models for comparison of patients from hospitals 
with and without support by telestroke networks
In the design of a retrospective descriptive study we 
selected patients from hospitals supported by the tel-
estroke network MHH TNN to compare them with 
patients from eligible non-supported hospitals (con-
trols) in Lower Saxony for analysis after applying prede-
termined categories of comparability in regard to each 
hospital’s care structure (see appendix Table  1). Based 
on underlying information about each hospital’s care 
structures in 2021, hospitals with similar care structures 
were selected as controls. Therefore, for each hospital, 
detailed information was collected to map the care struc-
ture of the regions and the hospitals to identify relevant 
hospitals that could be considered for comparison of 
treated stroke patients. Final selection of hospitals was 
made prior to data analysis. Selection parameters are 
the number and type of hospital beds (hospital plan of 
Lower Saxony), the distance to the next certified regional 
SU and to the next CSC as well as the number of stroke 
cases between 2016 and 2020 (quality report of hospitals) 
[18, 19]. Additionally, structural prerequisites includ-
ing availability of emergency care and CT-scanner 24/7, 
department of internal medicine and intensive care unit 
for every hospital were reviewed. The number and type 

of beds allow an estimation of the size and equipment of 
the hospitals. Comparing hospitals with significantly dif-
ferent numbers of beds could mean that hospitals have 
different resources and staff. The distance to the next cer-
tified SU and to the next CSC assumes similar prehospital 
emergency medical services referral concepts e.g. includ-
ing emergency medical services (EMS) bypass systems. 
In dependency of the distance to the next SU, the patient 
is either transferred to the next hospital (with or without 
support by a telestroke network) or is directly transferred 
to the SU. Another important criterion is the number of 
strokes or TIAs treated at each hospital. Selected hospi-
tals were required to have a total minimum of 100 stroke 
cases between 2016 and 2020. Hospitals were selected for 
two different models (model 1 and model 2).

In the first approach, stroke care is compared at the 
hospital level in hospitals without a certified SU. There-
fore, patients from hospitals supported by a telestroke 
network were compared with patients from hospitals 
without support by a telestroke network (model 1). Of 
note, for each hospital supported by a telestroke network 
a comparable control hospital was selected. The aim was 
to include the highest possible number of valid compari-
sons in order to use a relatively large number of patients 
for the comparison. For each included hospital supported 
by a telestroke network one hospital without support by 
a telestroke network according to the above mentioned 
selection criteria was detected. There was one excep-
tion, in which two hospitals were potential controls for 
one of the hospitals with support by a telestroke network. 
Therefore, we performed a sensitivity analysis in which 
we selected the other hospital in question and repeated 
the comparative analyses. In the second approach, 
patients from hospitals supported by a telestroke network 
were compared to patients from hospitals without sup-
port by a telestroke network at the district level (model 
2). Here, hospitals with support by a telestroke network 
and as controls hospitals without support by a telestroke 
network were selected, including only hospitals from dis-
tricts without a certified SU (model 2). Accordingly, an 
emergency medical services bypass system directly to a 
certified SU cannot be deployed in a larger proportion of 
stroke patients. Thus, it seems coherent that the primary 
stroke care in the studied districts takes place at least to 
a large extent in the studied hospitals and not outside 
the districts, which emphasizes the importance of the 
analysed hospitals for stroke care. In this model, eligible 
hospitals in appropriate districts that met the selection 
criteria were included. For each district, we selected the 
most suitable hospitals as hospitals supported by a tel-
estroke network or as control hospitals. In both models, 
clinical and health economic parameters from patients 
such as age, DRG weight (determining the revenue 
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amount of a case), the duration of mechanical ventilation, 
the length of stay, the patient clinical complexity level 
(i.e., defined as the patient-related overall severity), and 
the costs of hospitalization were considered. In addition, 
reasons for discharge from hospital that included death, 
transfer to another hospital, discharge to a rehabilitation 
facility, and discharge to a nursing facility were evaluated.

To classify each hospitals’ quality of stroke care, the 
rate of stroke care according to OPS (OPS 8-98b, 8-980, 
8-981 and 8-98f ) and rate of IVT (OPS 8-020.8) were rec-
ognized (see appendix Table  2). Hospitals supported by 
telestroke networks use OPS code 8-98b “other neurolog-
ical complex treatment of acute stroke”.

Furthermore, if cases were transferred to another hos-
pital, transfer costs were assessed via case pooling and 
then compared. All transferred cases were combined 
with their subsequent stay and the costs were added up. 
All cases were compared between those treated in hos-
pitals with and without support by a telestroke network. 
From a health economic perspective as a comparative 
cost-cost analysis the relation between costs per patient, 
teleneurology care and other potentially associated 
parameters were analysed.

Statistical analysis
The development of the rate of stroke care according to 
OPS and treatment with IVT between 2018 and 2021 was 
tested using the Jonckheere-Terpstra test. For compari-
sons of hospitals with support by a telestroke network 
and hospitals without support by a telestroke network 
Mann–Whitney-U test was used for continuous and Chi-
Square test for categorical variables. A multiple linear 
regression analysis was performed to assess the relation 
between costs per patient and teleneurology care, length 
of stay, transfer to another hospital and discharge to a 
rehabilitation center (last variable only included in model 
1 and not in model 2). The level of significance was set at 
p ≤ 0.05. The statistical software package IBM SPSS Sta-
tistics 26 was used for data analysis.

Results
Descriptive statistics
The dataset contained 1,128 cases. Based on the crite-
ria used to identify the study population, 436 cases from 
hospitals supported by a telestroke network and 489 
cases from hospitals without support by a telestroke net-
work between 2018 and 2021 were included (Fig. 1).

Regarding only patients from hospitals supported by a 
telestroke network the descriptive statistics can be seen 
in Table 1.

Further, the rates of stroke care according to OPS codes 
8-98b, 8-980, 8-981 and 8-98f and rate of IVT from the 

hospitals supported by a telestroke network were ana-
lysed from 2018 to 2021 (Fig. 2).

In 2018, the proportion of stroke care according to OPS 
8-98b was 35% (n = 29), increased over the next two years 
and peaked in 2020 with a proportion of 46% (n = 58) and 
a proportion of 41% (n = 53) in 2021 (Fig.  2A). In 2018, 
51% (n = 43) of all cases received stroke care according to 
at least one OPS code (8-98b, 8-980, 8-981, 8-98f ). This 
proportion was 57% (n = 74) in 2021. However, propor-
tions did not differ statistically (p > 0.05).

In 2018, the share of IVT performed in patients with 
AIS was 4.1% (n = 2) (Fig. 2B). The IVT rate rose steadily 
in the following years to a proportion of 13.2% (n = 10) 
in 2021 (comparison of IVT rate 2018 to 2021: p = 0.042).

Comparison of patients from hospitals with and without 
support by a telestroke network
In model 1, patients were grouped according to hospi-
tals with and without support by a telestroke network, 
with both groups consisting of patients from seven hos-
pitals each. From hospitals with support by a telestroke 
network n = 346 cases and from hospitals without sup-
port by a telestroke network n = 90 cases were included 
(Table 2).

Patients from hospitals supported by a telestroke net-
work showed higher rates of stroke care according to 
OPS 8-98b (52.5% vs 2.2%; p < 0.001) and in total stroke 
care according to OPS codes 8–980, 8-98f, 8–981 and 
8-98b (73.6% vs 2.2%; p < 0.001), while rates of transfer 
to another hospital (5.9% vs 28.9%; p < 0.001) and dis-
charge to a nursing facility (2.7% vs 7.8%; p = 0.020) were 
lower. However, patients in the hospitals supported by a 
telestroke network were slightly younger (75 vs 79 years; 
p = 0.001) and the DRG weight was higher (0.94 vs. 0.77; 
p < 0.021).

We also compared the number of ischemic strokes with 
IVT treatment between hospitals with and without sup-
port by a telestroke network. The hospitals with support 
by a telestroke network performed IVT in 9.5% (n = 19) 
of the cases, while the hospitals without support by a 
telestroke network performed IVT in 0.0% of the cases 
(p = 0.027) (not shown in Table 2).

Comparison of patients in districts with and without 
support by a telestroke network
In model 2, only districts without hospitals with cer-
tified SU or known support by any possible telestroke 
network were observed. Patients from hospitals with 
and without support by a telestroke network were com-
pared (Table 2). Hospitals with support by a telestroke 
network (from three districts) had a case number of 
n = 142 with a median age of 77  years and hospitals 
without support by a telestroke network (from seven 
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districts) had a case number of n = 52 with a median age 
of 79  years. Again, this comparative approach shows 
differences between the groups. Patients from districts 
without support by a telestroke network showed a 
lower rate of stroke care according to OPS 8-98b (3.8% 
vs 53.5%; p < 0.001) and rate of stroke care according 
to OPS codes 8-980, 8-98f, 8-981 and 8-98b (3.8% vs. 
57.0%; p < 0.001). The rate of transfers was also higher 
in the districts without support by a telestroke network 
(30.1% vs. 5.6%; p < 0.001). Additionally, higher propor-
tion of cases died in the districts without support by a 
telestroke network (15.4% vs. 3.5%; p = 0.004). The DRG 
weight (0.93 vs. 0.77; p = 0.021) was higher in hospitals 
supported by a telestroke network.

Finally, the number of IVT performed for all ischemic 
strokes had a share of 10.3% (n = 9) in hospitals with sup-
port by a telestroke network, while in hospitals without 

support by a telestroke network no IVT was performed 
(p = 0.056) (not shown in Table 2).

Transfer costs
Costs per patient with related transfers were compared 
for model 1 and model 2 (Table 3). The Mann–Whitney-
U test showed significantly lower median costs for the 
telestroke-supported groups (model 1: 4,476€ vs. 5,549€; 
p = 0.03 and model 2: 4,374 vs. 5,309; p = 0.02). Com-
parison concluded all inpatient costs, including possible 
transfer costs to another hospital.

In a univariate analysis using Spearman rank correla-
tion for metric and Mann–Whitney-U test for dichot-
omous variables, length of stay (model 1: p < 0.001; 
model 2: p < 0.001), transfer to another hospital (model 
1: p < 0.001; model 2: p < 0.001), discharge to a rehabili-
tation facility (model 1: p < 0.001)  and teleneurology 

Fig. 1 Selection of patients’ cases with stroke or TIA cases from the insurees of the TK

Cases were identified with the following criteria: Initial hospitalization and subsequent stays with diagnosis ICD-10-GM G45, I60, I61, I62, I63, I64. 
Abbreviations: TIA, Transient ischemic attack. TK, Techniker Krankenkasse
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as a dummy variable assigning a teleneurology case 
(model 1: p = 0.016; model 2: p = 0.009) were signifi-
cantly associated with the costs per patient, while age 
(model 1: p = 0.454; model 2: p = 0.990, death (model 
1: p = 0.657; model 2: p = 0.476), discharge to a reha-
bilitation facility (model 2: p = 0.305)  or discharge 
to a nursing facility (model 1: p = 0.080; model 2: 
p = 0.235)  were not associated.  Thereafter, a multi-
variate model was applied to examine for independent 
association with costs per patient.

The multiple linear regression, with the covariates 
length of stay, transfer to another hospital, discharge 
to a rehabilitation facility (only model 1) and tel-
eneurology revealed that length of stay and transfer 
to another hospital are significantly associated with 
higher costs, whereas teleneurology is not signifi-
cantly associated with higher costs (model 1: length 
of stay: b: 474, 95%CI: 368–580, p < 0.001; transfer to 
another hospital: b: 13,600, 95%CI: 11,676–15,524, 
p < 0.001; discharge to a rehabilitation facility: b: 853, 
95%CI: −2196–3902, p = 0.583; teleneurology: b: 1,455, 
95%CI: −85–2,997, p = 0.064; model 2: length of stay: 
b: 456, 95%CI: 296–617, p < 0.001; transfer to another 
hospital: b: 9,967, 95%CI: 7,199–12,735, p < 0.001; tel-
eneurology: b: 1,495, 95%CI: −527–3,517, p = 0.147).

Sensitivity analysis: comparison of patients from hospitals 
with and without support by a telestroke network
Two suitable hospitals could be considered as controls 
for one hospital with support by a telestroke network 
in Model 1. Therefore, we repeated the analysis and 
included the other control hospital. The results can be 
seen in Table 3 and Table 4 from the appendix. From hos-
pitals with support by a telestroke network n = 346 cases 
and from hospitals without support by a telestroke net-
work n = 136 cases were included. Patients from hospitals 
supported by a telestroke network had higher rates of 
stroke care according to OPS (51.5% vs. 28.7%; p < 0.001), 
while rates of transfer to another hospital (7,8% vs. 22.7%; 
p < 0.001) and discharge to a nursing facility (2,6% vs. 
8,0%; p < 0.007) were lower.

Costs per patient with related transfers were also calcu-
lated for the second comparison of model 1. The Mann–
Whitney-U test showed significantly lower median costs 
for patients from hospitals with support by a telestroke 
network (model 1: 4,452€ vs. 5,924€; p = 0.002).

Discussion
In our analysis, we showed that hospitals supported by a 
telestroke network were able to provide qualified stroke 
care in a significant number of cases between 2018 and 
2021, while rates of stroke care according to OPS and 
rates of IVT improved over years. Significant differences 
were seen in both comparative approaches: Patients 
from hospitals with support by a telestroke network had 
a higher rate of stroke care according to OPS 8-98b, a 
higher IVT rate and a lower rate of secondary transfers 
to another hospital. Of note, length of stay and transfer 
to another hospital were independently associated with 
higher costs, while teleneurology despite the higher qual-
ity in stroke treatment was not.

Krogias et  al. (2020) extracted the proportions of 
ischemic strokes in Germany treated with stroke care 
according to OPS 8-981 or 8-98b for the years 2012 to 
2018 [14]. They showed that in 2018, 73.7% of all cases 
in Germany received stroke care and in Lower Saxony a 
proportion of 75% was achieved, which is higher than in 
our analysis in hospitals with support by telestroke net-
works. Since in hospitals supported by a telestroke net-
work the level of stroke care according to OPS 8-98b is 
suggested to build up over time, the achieved rate is still 
considerable. Therefore, future steps consist of long-term 
support of hospitals supported by a telestroke network so 
that the criteria of stroke care according to 8-98b could 
be permanently fulfilled with potentially increasing rates.

In our study, the IVT rate in patients from hospitals 
supported by a telestroke network that was pictured over 
time increased steadily during the observation period. In 

Table 1 Descriptive statistics for hospitals supported by a 
telestroke network between 2018 and 2021

Continuous data are presented as median (interquartile range) and discrete data 
as proportions. OPS 8-98b includes all cases with stroke care according to OPS 
code 8-98b, OPS in total includes all cases with stroke care according to OPS 
codes 8-980, 8-98f, 8-981, 8-98b. Death, transfer to another hospital, discharge 
to a rehabilitation facility and discharge to a nursing facility describe reasons for 
discharge that have been documented for each case

Abbreviations: IQR Interquartile range, OPS Operation and procedure code, PCCL 
Patient clinical complexity level

Cases of hospitals supported by a telestroke network
(n = 436 cases)

Age [in years], median (IQR) 76 (63–82)

Length of stay [in days], median (IQR) 5 (3–8)

DRG weight, median (IQR) 0.95 (0.74–1.19)

Ventilation [in hours], median (IQR) 0 (0–0)

PCCL, median (IQR) 0 (0 – 2)

Billing amount [in euro], median (IQR) 4,056 (3,251 – 5,495)

OPS 8-98b (%) 41

OPS in total (%) 58

Death (%) 3.4

Transfer to another hospital (%) 6.7

Discharge to a rehabilitation facility (%) 6.2

Discharge to a nursing facility (%) 3.4
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model 1, IVT rates were higher in patients from hospi-
tals supported by a telestroke network. The same applies 
for model 2, but here no significant difference was found, 
probably due to the small sample size. In both models, 
there was a clear difference between the groups, as no 
IVT was performed in the comparison groups of hospi-
tals or districts without support by a telestroke network. 
Krogias et  al. (2020) determined IVT rates for Ger-
many in a nationwide approach in addition to the rate of 
stroke care according to OPS [14]. For 2018, the authors 
reported a nationwide IVT rate of 16.4% and a 15.8% rate 
for Lower Saxony. Barlinn et al. (2021) examined 17 tele-
neurology networks in Germany in 2018 and determined 
an IVT rate of 14.1% [13]. Müller-Barna et al. (2014) eval-
uated one of the first telestroke networks to be set upon 
the basis of routine data from a statutory health insur-
ance scheme [20]. The study also documented an increas-
ing IVT rate from 2.6% in 2003 to 15.5% in 2012. The 
authors argue that the higher IVT rate has led to better 

care as achieved in hospitals with support by a telestroke 
network. In our sample, the IVT rate rose steadily from 
2018 to 2021 with a rate of 13.2% in 2021.

Another relevant result in both comparative 
approaches is that hospitals with support by a tele-
stroke network had a significantly lower proportion of 
cases transferred to another hospital assuming a more 
qualified stroke care. Lyerly et  al. (2022) analysed the 
impact of teleneurology network implementation on 
case referrals before and after implementation with an 
amount of 3,488 stroke encounters [21]. In their anal-
ysis the implementation of a telestroke network led 
to a reduction in transferred cases and hospitals with 
a lower annual number of strokes were more likely to 
transfer cases. Importantly, in our comparison lower 
numbers per hospital also occurred in those hospitals 
which were not supported by telestroke networks, and 
of these, a significant proportion of patients were trans-
ferred, presumably due to a lack of treatment options at 

Fig. 2 Rates of Stroke care according to OPS and IVT supported by a telestroke network over time

Stroke care according to OPS 8-98b is defined as “Other neurological complex treatment of acute stroke “, Stroke care according to “OPS in total” 
includes all cases with documented OPS codes 8-980, 8-98f, 8-981, 8-98b. IVT rate includes all cases with documented OPS code 8-020.8 (Systemic 
thrombolysis). Abbreviation: IVT, Intravenous thrombolysis. OPS, Operation- and procedure code
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the individual hospital. The necessity of transfers rep-
resents a risk both medically for the patient and eco-
nomically for the health insurer. Providing care closer 
to home can close gaps in care and prevent unneces-
sary onward transfers. Similar results were found in the 
evaluation of a telestroke network in Catalonia [22]. 
López-Cancio et al. (2018) found that onward transfers 
were prevented after the implementation of a telestroke 
network through telestroke consultation in 46.8% of 
all ischemic strokes, 76.5% of all TIAs and 23.5% of 
all intracerebral hemorrhages. A hospital without 
appropriate stroke care has to decide in the case of a 
suspected acute stroke whether to treat the patient 
in the hospital or to transfer the patient to a special-
ized stroke center within a specific distance. This could 
result in duplicate cases that would possibly no longer 
occur in hospitals supported by telestroke networks 

and could also be cost-saving as our results for both 
models indicate.

In hospitals supported by a telestroke network, quali-
fied stroke care is achieved with examinations and thera-
pies, such as IVT leading to stroke care according to OPS. 
Lazarus et  al. (2020) found that telestroke implemen-
tation especially in rural areas has led to better clinical 
outcomes compared to hospitals with no stroke-specific 
care [23]. However, the qualified stroke care also needs 
reimbursement accordingly. Importantly, despite all these 
measures, our findings in univariate analysis show that 
costs per patients’ case are lower in hospitals supported 
by a telestroke network. To verify whether the costs are 
indeed lower, we conducted a multiple regression analy-
sis, revealing that length of stay and transfer to another 
hospital are independently associated with higher costs 
per patients, while teleneurological treatment is not. 

Table 2 Comparison of stroke cases in hospitals with or without support by a telestroke network between 2018 and 2021

Continuous data are presented as median (interquartile range) and discrete data as proportions. Statistically significant results are shown in bold, p < 0.05 was 
considered significant. OPS 8-98b includes all cases with documented OPS code 8-98b, OPS in total includes all cases with documented OPS codes 8-980, 8-98f, 
8-981, 8-98b. Death, transfer to another hospital, discharge to a rehabilitation facility and discharge to a nursing facility describe reasons for discharge that have been 
documented for each case

Abbreviations: IQR Interquartile range, OPS Operation and procedure code, PCCL Patient clinical complexity level. Group description: (1) = Hospitals supported 
by a telestroke network (2) = Hospitals not supported by a telestroke network, (3) = Hospitals supported by a telestroke network in districts without certified SU, 
(4) = Hospitals without support by a telestroke network in districts without SU

Model 1 Model 2

(1)
(n = 346)

(2)
(n = 90)

p-value (3)
(n = 142)

(4)
(n = 52)

p-value

Age [in years], median (IQR) 75 (62–82) 79 (74–84) 0.001 77 (61–83) 79 (72–85) 0.093

Length of stay [in days], median (IQR) 5 (3–7) 6 (2–14) 0.249 5 (3–6) 6 (1–13) 0.878

DRG weight, median (IQR) 0.94 (0.74–1.19) 0.77 (0.34–1.18) 0.021 0.93 (0.73–1.14) 0.77 (0.32–1.08) 0.021
Ventilation hours [in hours], median (IQR) 0 0 0.836 0 0 0.808

PCCL, median (IQR) 0 (0–1) 0 (0–1) 0.596 0 (0–2) 0 (0–1) 0.697

OPS 8-98ba (%) 52.5 2.2  < 0.001 53.5 0.03  < 0.001
OPS in  totala (%) 73.6 2.2  < 0.001 57.0 0.03  < 0.001
Deatha (%) 3.3 3.3 0.941 3.5 15.4 0.004
Transfer to another  hospitala (%) 5.9 28.9  < 0.001 5.6 30.1  < 0.001
Discharge to a rehabilitation  facilitya (%) 4.5 3.3 0.671 2.1 1.9 0.935

Discharge to a nursing  facilitya (%) 2.7 7.8 0.020 2.8 0 0.223

Table 3 Comparison of costs of stroke cases in hospitals with or without support by a telestroke network between 2018 and 2021

Data are presented as median (interquartile range) and mean (standard deviation). Statistically significant results are shown in bold, p < 0.05 was considered significant

Abbreviations: IQR Interquartile range, SD Standard Deviation. Group description: (1) = Hospitals supported by a telestroke network in districts without certified SU, 
(2) = Hospitals without support by a telestroke network in districts without SU

Model 1 Model 2

(1)
(n = 346)

(2)
(n = 90)

p-value (1)
n = 142

(2)
n = 52

p-value

Costs [in Euro], 
median (IQR)

4,476 (3,539–6,460) 5,549 (3,564–8,548) 0.03 4,374 (3,558 – 5,872) 5,309 (3,927 – 8,691) 0.02

mean (SD) 6,266 (6,682) 8,335 (11,903) 5,656 (6,192) 7162,78 (8,865)
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Consequently, teleneurological treatment does not lead 
to higher or lower costs. Instead, it appears that transfers 
to another hospital result in an average cost increase in 
the multiple four-digit euro range. Furthermore, we have 
already shown that the rate of transfers is increased in 
hospitals without support by a telestroke network. The 
analysis considered only inpatient care costs so that total 
costs are probably underestimated, since follow-up treat-
ments and corresponding future costs are also reduced 
by improved patient care. It may be assumed, that better 
outcomes in high-quality treatment have also an effect on 
overall costs.

Limitations
We included insurance data from the Lower Saxony TK 
resulting in a large number of cases available. However, 
we used routine data which are collected solely for bill-
ing purposes and not for scientific analysis. Accordingly, 
the data do not include many clinical values (e.g., labora-
tory or imaging results), in-hospital medication or non-
billable services. Furthermore, we cannot exclude the 
possibility of a selection bias because we only included 
patients insured by the TK and diagnosed with a stroke 
or TIA. However, persons insured with TK are represent-
ative with respect to the German population. In addition, 
there is no information about patients changing their 
health insurance providers. Nevertheless, the number of 
people insured by TK has hardly changed in the analysed 
years. Furthermore, mainly older persons, especially after 
suffering from a stroke, are not expected to change their 
providers quite frequently. Finally, the validity of the rou-
tine data depends on the documentation process itself 
resulting in possible information bias.

A further limitation is that the control hospitals show 
significantly lower numbers of stroke cases than the 
hospitals supported by a telestroke network and we are 
therefore unable to establish an optimized group balance 
and perform a matching approach in the models. This is 
certainly due to the fact that the regional allocation con-
cepts of the emergency services already take into account 
the inadequate stroke care in the respective hospitals. 
Hospitals without a care concept for acute stroke patients 
are less likely to be referred to directly using EMS bypass 
systems e.g. for suspected LVO. Model 2 attempts to 
reflect the highest possible rate of direct referrals, as 
there are no neurological stroke units in the districts 
under consideration. At this point, it is important to 
point out that the longer transportation times taken by 
the emergency services as a result have a negative impact 
on patient outcome according to the time is brain princi-
ple. Despite the aforementioned weakness in our models, 
an IVT rate of 0% and a transfer rate of almost 30% in 
the control hospitals represent clear results and strongly 

indicate care deficits that could be covered by support 
from telestroke networks. However, low patient num-
bers for this subgroup prohibited a multivariate analysis 
to test an independent association between IVT and tel-
eneurological treatment.

During our analysis, the Covid-19 pandemic took place 
and could have had an impact on our results. Several 
studies have shown that the lockdowns in the Covid-
19 pandemic led to a lower number of admitted stroke 
patients in the hospitals and lower rates of IVT treatment 
at least in the first months of the pandemic [24–26]. But, 
these were short-term trends, which should play a minor 
role in the multi-year period under observation.

Conclusion
Teleneurology can improve stroke care. This paper 
suggests that hospitals with support by a telestroke 
network can provide qualified stroke care resulting in 
higher IVT rates, higher rates of qualified stroke care 
according to OPS and lower rates of onward transfers, 
which are independently associated with higher costs. 
Demographic change and ongoing urbanisation will 
pose challenges in how to provide high quality stroke 
care, especially in rural areas. Telestroke networks can 
be an option to meet these challenges.

Abbreviations
AIS  Acute ischemic stroke
CSC  Comprehensive Stroke Center
DRG  Diagnosis-Related Group
EVT  Endovascular treatment
GDP  Gross domestic product
ICD  International Classification Diseases
ICH  Intracranial hemorrhage
IVT  Intravenous thrombolysis
MHH  Hannover Medical School
MHH TNN  Hannover Medical School Teleneurology Network
OPS  Operation and Procedure Code
SU  Stroke Unit
TIA  Transient ischemic attack
TK  Techniker Krankenkasse

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13561- 024- 00577-5.

Supplementary Material 1: Appendix. Table A1. Indicators for hospital 
selection. Table A2. OPS codes. Table A3. Comparison of stroke cases in 
hospitals with or without support by a telestroke network between 2018 
and 2021. Table A4. Comparison of costs of stroke cases in hospitals with 
or without support by a telestroke network between 2018 and 2021.

Authors’ contributions
All authors contributed to the design and implementation of the research. A.J. 
performed the statistical analyses. N.P., J.Z., C.K., J.B., C.O. and H.W. contributed 
to the analysis and interpretation of data. A.J. wrote the manuscript and all 
authors commented on previous versions of the manuscript. All authors read 
and approved the final manuscript. Each author participated sufficiently in the 
work to take public responsibility for appropriate portions of the context.

https://doi.org/10.1186/s13561-024-00577-5
https://doi.org/10.1186/s13561-024-00577-5


Page 10 of 10Janßen et al. Health Economics Review          (2024) 14:100 

Funding
Open Access funding enabled and organized by Projekt DEAL. No funding 
was received for conducting this study.

Data availability
The datasets used and analysed in the study are not publicly available but may 
be available from the techniker krankenkasse on reasonable request. Access to 
the data was obtained from the techniker krankenkasse under data disclosure 
agreements.

Declarations

Competing interest
HW is the coordinator of the Hannover Medical School teleneurology network. 
JB is a contract consultant at techniker krankenkasse. All other authors have 
no conflicts of interests to disclose.

Author details
1 Leibniz University Hannover, Hannover, Germany. 2 Center for Health 
Economics Research Hannover (CHERH), Hannover, Germany. 3 Institute for Epi-
demiology, Hannover Medical School, Social Medicine and Health Systems 
Research, Hannover, Germany. 4 Techniker Krankenkasse (Health Insurance)-
Representative Office of Lower Saxony, Hannover, Germany. 5 Erasmus School 
of Health Policy & Management, Erasmus University Rotterdam, Rotterdam, 
The Netherlands. 6 Department of Neurology, Hannover Medical School, 
Carl-Neuberg-Straße 1, 30623 Hannover, Germany. 

Received: 11 March 2024   Accepted: 14 November 2024

References
 1. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, Abd-Allah F, 

Abdelalim A, Abraha HN, Abu-Rmeileh NME, Adebayo OM, Adeoye AM, 
Agarwal G, Agrawal S, Aichour AN, Aichour I, Aichour MTE, Alahdab F, Ali R, 
Alvis-Guzman N, Anber NH, Anjomshoa M, Arabloo J, Arauz A, Ärnlöv J, Arora 
A, Awasthi A, Banach M, Barboza MA, Barker-Collo SL, et al. Global, regional, 
and national burden of stroke, 1990–2016: a systematic analysis for the Global 
Burden of Disease Study 2016. The Lancet Neurology. 2019;18(5):439–58.

 2. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, Abbasi-
fard M, Abbasi-Kangevari M, Abd-Allah F, Abedi V, Abualhasan A, Abu-
Rmeileh NME, Abushouk AI, Adebayo OM, Agarwal G, Agasthi P, Ahinkorah 
BO, Ahmad S, Ahmadi S, Ahmed Salih Y, Aji B, Akbarpour S, Akinyemi RO, 
Al Hamad H, Alahdab F, Alif SM, Alipour V, Aljunid SM, Almustanyir S, Al-
Raddadi RM, et al. Global, regional, and national burden of stroke and its risk 
factors, 1990–2019: a systematic analysis for the Global Burden of Disease 
Study 2019. The Lancet Neurology. 2021;20(10):795–820.

 3. Owolabi MO, Thrift AG, Mahal A, Ishida M, Martins S, Johnson WD, Pandian J, 
Abd-Allah F, Yaria J, Phan HT, Roth G, Gall SL, Beare R, Phan TG, Mikulik R, Akiny-
emi RO, Norrving B, Brainin M, Feigin VL, Abanto C, Abera SF, Addissie A, Ade-
bayo O, Adeleye AO, Adilbekov Y, Adilbekova B, Adoukonou TA, Aguiar de Sousa 
D, Ajagbe T, Akhmetzhanova Z, et al.: Primary stroke prevention worldwide: 
translating evidence into action. The Lancet Public Health 2022, 7(1):e74-e85.

 4. Kohler M, Deutschbein J, Peschke D, Schenk L. Schlaganfallgeschehen in 
Deutschland - Zur Vergleichbarkeit von Krankenkassen-. Register- und DRG-
Daten Fortschritte der Neurologie-Psychiatrie. 2014;82(11):627–33.

 5. Saver JL. Time is brain–quantified. Stroke. 2006;37(1):263–6.
 6. Di Lorenzo R, Saqqur M, Buletko AB, Handshoe LS, Mulpur B, Hardman J, 

Donohue M, Wisco D, Uchino K, Hussain MS. IV tPA given in the golden hour 
for emergent large vessel occlusion stroke improves recanalization rates and 
clinical outcomes. J Neurol Sci. 2021;428: 117580.

 7. Almekhlafi MA, Goyal M, Dippel DWJ, Majoie CBLM, Campbell BCV, Muir KW, 
Demchuk AM, Bracard S, Guillemin F, Jovin TG, Mitchell P, White P, Hill MD, 
Brown S, Saver JL. Healthy Life-Year Costs of Treatment Speed From Arrival 
to Endovascular Thrombectomy in Patients With Ischemic Stroke: A Meta-
analysis of Individual Patient Data From 7 Randomized Clinical Trials. JAMA 
Neurol. 2021;78(6):709–17.

 8. Ringelb P, Köhrmann M, Jansen O, et al. Akuttherapie des ischämischen 
Schlaganfalls, S2e-Leitlinie, 2021. [https:// dgn. org/ leitl inien/ ll- 030- 046- akutt 
herap ie- des- ischa emisc hen- schla ganfa lls- 2021/]. 

 9. Neumann-Haefelin T, Busse O, Faiss J, Koennecke H-C, Ossenbrink M, Stein-
metz H, Nabavi D. Zertifizierungskriterien für Stroke-Units in Deutschland: 
Update 2022. DGNeurologie. 2021;4(6):438–46.

 10. Richter D, Weber R, Eyding J, Bartig D, Misselwitz B, Grau A, Hacke W, Krogias 
C. Acute ischemic stroke care in Germany - further progress from 2016 to 
2019. Neurological research and practice. 2021;3(1):14.

 11. Levine SR, Gorman M. “Telestroke” : the application of telemedicine for 
stroke. Stroke. 1999;30(2):464–9.

 12. Wiborg A, Widder B. Teleneurology to improve stroke care in rural areas: the 
Telemedicine in Stroke in Swabia (TESS) Project. Stroke. 2003;34(12):2951–6.

 13. Barlinn J, Winzer S, Worthmann H, Urbanek C, Häusler KG, Günther A, Erdur 
H, Görtler M, Busetto L, Wojciechowski C, Schmitt J, Shah Y, Büchele B, 
Sokolowski P, Kraya T, Merkelbach S, Rosengarten B, Stangenberg-Gliss K, 
Weber J, Schlachetzki F, Abu-Mugheisib M, Petersen M, Schwartz A, Palm F, 
Jowaed A, Volbers B, Zickler P, Remi J, Bardutzky J, Bösel J, et al. Telemedizin 
in der Schlaganfallversorgung – versorgungsrelevant für Deutschland. 
Nervenarzt. 2021;92(6):593–601.

 14. Krogias C, Weber R, Richter D, Bartig D, Eyding J. Bundesweite Versorgung-
srealität von Patienten mit akutem Hirninfarkt in Deutschland : Update 
der regionalisierten Analyse zur Anwendung rekanalisierender Thera-
pieverfahren und einer Schlaganfallkomplexbehandlung. Nervenarzt. 
2020;91(10):908–19.

 15. Audebert HJ, Schenkel J, Heuschmann PU, Bogdahn U, Haberl RL. Effects of 
the implementation of a telemedical stroke network: the Telemedic Pilot 
Project for Integrative Stroke Care (TEMPiS) in Bavaria. Germany The Lancet 
Neurology. 2006;5(9):742–8.

 16. Bundesministerium für Gesundheit: OPS-Code 8-98b: Other complex mul-
timodal treatment: Other complex neurological treatment of acute stroke. 
[https:// gesund. bund. de/ en/ search? q=8- 98].

 17. Bundesinstitut für Arzneimittel und Medizinprodukte: Kapitel 8 Nicht opera-
tive therapeutische Maßnahmen. [https:// www. dimdi. de/ static/ de/ klass ifika 
tionen/ ops/ kode- suche/ opsht ml2021/ block-8- 97…8- 98. htm# code8- 98b].

 18. Niedersächsische Ministerium für Soziales, Gesundheit und Gleichstellung: 
Niedersächsischer Krankenhausplan. 2021. [https:// www. ms. niede rsach sen. 
de/ downl oad/ 173211/ 36._ Forts chre…·PDFDa tei].

 19. Gemeinsamer Bundesausschuss: Qualitätsberichte der Krankenhäuser. 
[https:// www. gba. de/ themen/ quali taets siche rung/ daten erheb ung- zur- 
quali taets siche rung/ daten erheb ung- quali taets beric ht/ ].

 20. Müller-Barna P, Hubert GJ, Boy S, Bogdahn U, Wiedmann S, Heuschmann 
PU, Audebert HJ. TeleStroke units serving as a model of care in rural areas. 
Stroke. 2014;45(9):2739-44. https:// doi. org/ 10. 1161/ STROK EAHA. 114. 006141. 

 21. Lyerly MJ, Daggy J, LaPradd M, Martin H, Edwards B, Graham G, Martini S, 
Anderson J, Williams LS. Impact of Telestroke Implementation on Emer-
gency Department Transfer Rate. Neurology. 2022;98(16):e1617–25.

 22. López-Cancio E, Ribó M, Cardona P, Serena J, Purroy F, Palomeras E, Arago-
nès JM, Cocho D, Garcés M, Puiggròs E, Soteras I, Cabanelas A, Villagrasa D, 
Catena E, Sanjurjo E, López Claverol N, Carrión D, López M, Abilleira S, Dáva-
los A. La Pérez de Ossa N: Telestroke in Catalonia: Increasing Thrombolysis 
Rate and Avoiding Interhospital Transfers. Cerebrovascular diseases (Basel, 
Switzerland). 2018;46(1–2):66–71.

 23. Lazarus G, Permana AP, Nugroho SW, Audrey J, Wijaya DN, Widyahening IS. 
Telestroke strategies to enhance acute stroke management in rural settings: 
A systematic review and meta-analysis. Brain and behavior. 2020;10(10): 
e01787.

 24. Hoyer C, Ebert A, Huttner HB, Puetz V, Kallmünzer B, Barlinn K, Haverkamp C, 
Harloff A, Brich J, Platten M, Szabo K. Acute Stroke in Times of the COVID-19 
Pandemic: A Multicenter Study. Stroke. 2020;51(7):2224–7.

 25. Richter D, Eyding J, Weber R, Bartig D, Grau A, Hacke W, Krogias C. Analysis of 
Nationwide Stroke Patient Care in Times of COVID-19 Pandemic in Germany. 
Stroke. 2021;52(2):716–21.

 26. Tanislav C, Jacob L, Kostev K: Consultations Decline for Stroke, Transient 
Ischemic Attack, and Myocardial Infarction during the COVID-19 Pandemic 
in Germany.Neuroepidemiology 2021:1–8. Epub ahead of print.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://dgn.org/leitlinien/ll-030-046-akuttherapie-des-ischaemischen-schlaganfalls-2021/
https://dgn.org/leitlinien/ll-030-046-akuttherapie-des-ischaemischen-schlaganfalls-2021/
https://gesund.bund.de/en/search?q=8-98
https://www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2021/block-8-97…8-98.htm#code8-98b
https://www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2021/block-8-97…8-98.htm#code8-98b
https://www.ms.niedersachsen.de/download/173211/36._Fortschre…·PDFDatei
https://www.ms.niedersachsen.de/download/173211/36._Fortschre…·PDFDatei
https://www.gba.de/themen/qualitaetssicherung/datenerhebung-zur-qualitaetssicherung/datenerhebung-qualitaetsbericht/
https://www.gba.de/themen/qualitaetssicherung/datenerhebung-zur-qualitaetssicherung/datenerhebung-qualitaetsbericht/
https://doi.org/10.1161/STROKEAHA.114.006141

	Support by telestroke networks is associated with increased intravenous thrombolysis and reduced hospital transfers: A german claims data analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Study Design
	Models for comparison of patients from hospitals with and without support by telestroke networks
	Statistical analysis


	Results
	Descriptive statistics
	Comparison of patients from hospitals with and without support by a telestroke network
	Comparison of patients in districts with and without support by a telestroke network
	Transfer costs
	Sensitivity analysis: comparison of patients from hospitals with and without support by a telestroke network

	Discussion
	Limitations
	Conclusion
	References


