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ABSTRACT
Introduction Providing comprehensive stroke care poses 
major organisational and financial challenges to the German 
healthcare system. The quasi- randomised TEMPiS–Flying 
Intervention Team (TEMPiS- FIT) study aims to close the 
gap in the treatment of patients who had ischaemic stroke 
in rural areas of Southeast Bavaria by flying a team of 
interventionalists via helicopter directly to patients in the 
regional TEMPiS hospitals instead of transporting the patients 
to the next comprehensive stroke centre. The objective of the 
present paper is to describe the methods for the economic 
evaluation (TEMPiS- Gesundheitsökonomische Analyse 
(TEMPiS- GÖA)) alongside the TEMPiS- FIT study to determine 
whether the new form of care is cost- effective compared with 
standard care.
Methods and analysis The within- trial cost- effectiveness 
analysis (CEA) and cost–utility analysis (CUA) will be 
performed from a statutory health insurance perspective as 
well as from a societal perspective over the time horizon of 
12 months after the patients’ hospital discharge. Direct costs 
from outpatient and inpatient care are collected from routine 
data of the participating health insurance funds, while medical 
and non- medical costs from a patient’s perspective are 
retrieved from primary data collected during the TEMPiS- FIT 
study and follow- up questionnaires. Results will be presented 
as incremental cost- effectiveness ratio and incremental 
cost- utility ratio quantifying the incremental costs and health 
benefits compared with standard care practice. The outcome 
of the CEA will be measured in costs per minute reduction 
in mean process time to thrombectomy. The outcome of the 
CUA will be presented as costs per quality- adjusted life year 
gained.
Ethics and dissemination Ethical approval for the TEMPiS- 
FIT study was granted by the Bavarian State Medical 
Association Ethics Committee (# 17056). Results will be 
disseminated via reports, presentations of the results in 
publications and at conferences and on the TEMPiS website.
Trial registration number German Clinical Trials 
Register DRKS00023885. Registered on 2 July 2021 – 
retrospectively registered.

INTRODUCTION
Relevance
Stroke is one of the most common causes of 
acquired functional and cognitive disability, 

which is not only an extraordinary burden 
for patients and their families, but is also asso-
ciated with high healthcare costs.1 Despite 
far- reaching developments and medical inno-
vations in prevention and healthcare, stroke 
remains one of the most common causes of 
death and accounts for the largest propor-
tion of disability- adjusted life year loss world-
wide.2 3 Among the patients who survive the 
initial stroke, a quarter of patients die within 
the first year, and more than one- third of 
survivors suffer from permanent restrictions 
and depend on supportive care.4 In addition 
to the individual burdens and the economic 
impact of premature deaths, chronic conse-
quences and disabilities are associated with 
high personnel and financial challenges for 
the healthcare system, causing one of the 
largest direct cost blocks compared with all 
other diseases.5 In 2017, total healthcare costs 
of stroke amounted to over 9.1 billion Euros 

STRENGTH AND LIMITATIONS OF THIS STUDY
 ⇒ The study protocol provides a methodological ap-
proach for assessing the cost- effectiveness of the 
Flying Intervention Team from both the statutory 
health insurance and societal perspective.

 ⇒ The linkage of clinical data and routine data enables 
a comprehensive collection of accrued costs and the 
systematic validation of the data.

 ⇒ The quasi- randomised allocation into intervention 
and transfer weeks, as well as the strict definition of 
inclusion and exclusion criteria, reduces the risk of 
patient- level bias.

 ⇒ A relatively short time horizon of 1 year for patient 
follow- up, leading to challenges with regard to long- 
term costs and improvements.

 ⇒ The cost- effectiveness and cost- utility study design 
will provide important information for insurance 
funds and decision makers when considering the 
implementation of the innovative care structure in 
rural areas.
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in Germany and accounted for 2.60% of total healthcare 
expenditure.6

One key factor in the treatment of an ischaemic stroke 
is the rapid restoration of blood supply to the affected 
brain area, as it can reduce or even eliminate short- term 
and long- term impairments.7–9 Although healthcare 
systems in the USA and Europe have been developed to 
deliver comprehensive intravenous thrombolysis treat-
ment in case of a cerebral infarction, several contrain-
dications as well as a short time window (4.5 hours) still 
introduce limitations and challenges to the treatment of 
patients who had an ischaemic stroke.10–12 Since 2015, a 
new interventional therapy for strokes with large vessel 
occlusions has been available in the form of mechanical 
thrombectomy (MT), and this has initiated a paradigm 
shift in stroke treatment. The efficacy of the new proce-
dure has been demonstrated as a result of several inde-
pendent randomised controlled trials indicating, among 
other things, improved functional outcomes and reduced 
mortality compared with standard care procedures.13–20 
Nevertheless, MT is, analogous to thrombolysis, very time 
critical and, according to current research, can only be 
successfully performed within a short time window after 
the onset of stroke symptoms.9 19 In addition, the proce-
dure itself is medically demanding and requires special-
ised and well- trained personnel on site. Enabling the 
nationwide provision of this interdisciplinary treatment 
approach within the shortest possible time represents 
a major organisational and health policy challenge. In 
particular, for patients in rural areas, a comprehensive 
distribution of MT treatment is not feasible financially 
or in terms of personnel and is often performed with 
enormous delays because of the transfer to specialised, 
comprehensive stroke centres.21 Therefore, new strat-
egies are necessary to provide stroke care in a timely 
manner independent of the geographical circumstances.

Context TEMPiS–Flying Intervention Team (TEMPiS-FIT)
The ‘TEMPiS- FIT’ project aims to close the gap in the 
treatment of patients who had an ischaemic stroke with 
large vessel occlusion in rural areas of Southeast Bavaria. 
To avoid the time- consuming transportation of severely 
ill patients to the nearest comprehensive stroke centre, 
a team of interventional neuroradiologists is located 
centrally with continuous availability during service hours. 
In case a patient is telemedically identified as a candidate 
for endovascular treatment, a helicopter flies the interven-
tion team to the patient in the regional TEMPiS hospital, 
where the catheter- based thrombectomy is performed 
at the angiography facility on site. Staff familiar with the 
local angiography equipment and an anaesthetist are 
present and supportive during the intervention in the 
local clinic. Following the intervention, the local stroke 
or intensive care unit provides postprocedural care with 
telemedicine support if needed.22 Recently published 
results of the TEMPiS- FIT study provide evidence that 
the deployment of the Flying Intervention Team is asso-
ciated with reduced time to endovascular thrombectomy 

for patients who had an ischaemic stroke compared with 
interhospital patient transfer. Additionally, post hoc anal-
yses suggest an association of the FIT intervention with an 
improved median modified Rankin Scale (mRS) score at 
3 months of follow- up.23

Despite the promising results of the TEMPiS- FIT study 
in terms of its effectiveness, the intervention is associated 
with significant costs. In particular, the use of the heli-
copter for the transport of the intervention team and the 
necessary personnel (including the pilot, the interven-
tionalist and assistants) is a high additional cost factor not 
yet covered by standard care.

Owing to the innovative and unique structure of the 
project, previously published research on the cost- 
effectiveness of helicopter transfer of patients who had 
an acute ischaemic stroke is limited. Several studies across 
Europe and in the USA have demonstrated the effective-
ness of mobile intervention teams for the treatment of 
patients who had an ischaemic stroke in rural areas.24–28 
However, evidence on the cost- effectiveness of alternative 
transfer methods using a helicopter in the treatment of 
patients who had an ischaemic stroke is rare and differs 
in at least one of the main project characteristics. Inves-
tigating the cost- effectiveness of physician- staffed heli-
copter emergency medical services (HEMS) compared 
with emergency medical services independent of the 
medical indication, a prospective cohort study found 
HEMS to be cost- effective using an acceptance threshold 
of €75 000 per quality- adjusted life year (QALY).29 Specif-
ically considering the helicopter transfer of patients who 
had an ischaemic stroke itself instead of an intervention 
team, Coughlan et al provide evidence that using HEMS 
to transfer patients who had a stroke eligible for MT is 
cost- effective compared with ground emergency medical 
services when travel time is reduced by at least 60 min 
and a threshold of £30 000 per QALY is used for decision- 
making.30 Similarly, Silbergleit et al found that ‘helicopter 
transfer of patients with suspected acute ischaemic stroke 
for potential thrombolysis is cost- effective for a wide range 
of system variables.’31 To our knowledge, no study has yet 
investigated the cost- effectiveness of flying a specialised 
intervention team to the patient who had an ischaemic 
stroke.

Study aim
The present study protocol aims to describe the economic 
evaluation (TEMPiS- GÖA) alongside the TEMPiS- FIT 
study. The relevance of this project lies in the compar-
ison of the incremental cost items resulting from the 
transport of the specialist to the patient and its effect/
benefit compared with the conventional care system. The 
economic evaluation will address the main question of 
interest of whether thrombectomy on site by the flying 
interventionalist represents a cost- effective improvement 
in the care situation of patients who had an ischaemic 
stroke in rural areas over a period of 12 months compared 
with standard care. Owing to the optimised care processes, 
the intervention of the TEMPiS- FIT study is expected to 
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lead to improved outcomes, which is reflected in cost- 
effective patient care from a statutory health insurance 
(SHI) and societal perspective within 1 year.

METHODS AND ANALYSIS
TEMPiS-FIT study design
The TEMPiS- FIT study design corresponds to a prospec-
tive study with quasi- randomised assignment to the 
respective treatment technology. On account of limited 
helicopter use capacity and financial and human 
resource restrictions, the a priori quasi- randomised allo-
cation into flight and transfer treatment is determined by 
the calendar week in which the ischaemic stroke occurs 
instead of on a patient- level basis randomisation (see 
figure 1). Resulting in a predefined weekly intervention 
schedule, the ‘Flying Intervention Team’ is available 26 
weeks/year, while conventional care is used during the 
remaining 26 weeks ensuring an even allocation ratio of 
1:1 (amendment: owing to the impact of the COVID- 19 
pandemic, intervention days with helicopter availability 
had to be reduced from the initially planned 182 days to 
170 days). Consequently, whether a patient receives the 
innovative form of care or conventional care primarily 
depends on the occurrence of the stroke itself, which is 
assumed to be independent of the predefined interven-
tion team availability weeks.

The quasi- randomised allocation of the flight and 
transfer weeks attempts to ensure the comparability of 
the two groups with regard to confounding variables, for 
example, seasonal effects or the intervention team on 
duty. Because of the project design, neither the patients 
nor the referring medical staff (teleconsultants in coop-
eration with the neuroradiologists and the treating physi-
cians on site) can be blinded.

The selected target population of the clinical trial 
compromises all ischaemic stroke patients with intracra-
nial ICA, M1, proximal M2, carotid- T or basilar artery 
occlusion (especially ICD I63), who are admitted to 
one of the TEMPiS- FIT hospitals with an indication for 

thrombectomy treatment during the project period. 
Patients above the age of 85 or with concomitant diseases 
significantly increasing mortality are excluded from the 
study.

As the efficacy of the MT has been demonstrated by 
several randomised controlled trials,13–20 the primary 
outcome of interest is the mean process time to throm-
bectomy. Secondary outcomes include the self- reported 
QALYs and the functional outcome measured by the mRS 
after 3 months.

An interim analysis of the TEMPiS- FIT study work-
flow and safety was performed after 12 months. Because 
of a large significant reduction in time to treatment, 
the ethical review board recommended termination 
of recruitment for loss of equipoise. The TEMPiS- FIT 
study was discontinued on 24 October 2019, leading to a 
temporal divergence between the effectiveness study and 
the ensuing economic evaluation. After the discontinua-
tion of the TEMPiS- FIT study, patients were enrolled in 
an ongoing registry. As there was no funding available for 
additional service weeks, the quasi- randomised allocation 
of service weeks was upheld until January 2021, covering 
the entire recruitment period of the TEMPiS- GÖA study.

TEMPiS-GÖA design
The primary objective of TEMPiS- GÖA is the within- trial 
cost- effectiveness analysis (CEA) and cost–utility analysis 
(CUA) of the Flying Intervention Team estimating the 
incremental costs and health benefits of the new health 
technology compared with existing standard care prac-
tice. Subsequent objectives are

 ► The quantification of the direct cost items from the 
SHI perspective in outpatient and inpatient care of 
the new health technology compared with standard 
care using routine data from the participating health 
insurance funds.

 ► The analysis of the incremental cost- effectiveness 
ratio (ICER) of the TEMPiS- FIT study on the primary 
outcome parameter compared with standard care.

Figure 1 Schematic representation of the quasi- randomisation and allocation of patients in the TEMPiS–Flying Intervention 
Team study.
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 ► The quantification of the direct and indirect cost 
items from a societal perspective of the new form of 
care compared with usual practice based on routine 
data from the participating health insurance funds 
and patient interviews.

 ► The analysis of the incremental cost- utility ratio 
(ICUR) of the TEMPiS- FIT study based on the 
self- reported QALYs of the intervention patients 
compared with standard care.

The CEA and CUA will be performed from an SHI 
perspective (ie, the payer perspective) as well as from a 
societal perspective over the time horizon of 12 months 
after hospital discharge, including data from the price 
years 2017–2021. Results will be presented as ICERs and 
ICURs and are examined with regard to the transferability 
to the entire SHI population, as only a limited number of 
insurance funds are included in the study (see the Study 
population and sample size section). Table 1 provides 
a comprehensive summary of the economic evaluation 
framework. The reporting of the TEMPiS- GÖA study 
protocol and results is developed in accordance with the 
established Consolidated Health Economic Evaluation 
Reporting Standards.32 The analysis is scheduled to take 
place between April and October 2023.

Study population and sample size
Because of cost data availability limitations, the study 
population includes the respective participants from the 
TEMPiS- FIT study and subsequent registry who are insured 

with one of the participating SHI funds (AOK Bavaria, 
BARMER, BKK) covering about 70% of the patients who 
had a stroke treated by TEMPiS- FIT. The sample size 
calculation is based on the primary endpoint, namely, the 
mean process time from the decision to thrombectomy 
until the start of the procedure. A 50 min time differ-
ence in the mean process time to thrombectomy between 
the intervention and control groups was assumed with a 
standard deviation of 60 min (TEMPiS, 2019). Following 
standard sample size calculation procedures for two inde-
pendent samples using a t- distribution33 and employing 
an alpha error of 0.05 and a statistical power of 90%, the 
minimum sample size required for the economic analysis 
is a total of 60 patients. Based on estimates of the current 
patient population available at the time of the sample size 
calculation (2019), about 60% of the patients are covered 
by the participating health insurance companies, which 
leads to an adjustment of the required number of cases 
to 100 participants. Furthermore, owing to the patients’ 
demographic characteristics and the severity of the 
considered indication, a loss to follow- up rate of about 
20% is assumed, which leads to a minimum case number 
of about 63 participants per group and 126 in total.

Data collection
Relevant data for the economic evaluation are taken from 
two main sources: clinical data provided by the TEMPiS 
Network and routine data provided by the participating 
SHI funds. Data on clinical outcomes will be collected 

Table 1 Summary of the economic evaluation framework

Research question Does thrombectomy on site by the Flying Intervention Team represent a cost- effective improvement in 
the care situation in rural areas over a period of 12 months compared with standard care?

Setting Patients who had an acute ischaemic stroke in rural areas of Southeast Bavaria (Germany)

Intervention and comparator On- site thrombectomy by the Flying Intervention Team versus standard care (transfer of patients to a 
tertiary stroke centre)

Recruitment period 01.08.2019–31.12.2021 (including the patient- specific 12- month follow- up period)

Time horizon Date of acute ischaemic stroke/admission to TEMPiS- FIT hospital until hospital discharge/death+12- 
month follow- up period

Perspective SHI perspective and societal perspective

Outcome measures Primary outcome: mean process time to thrombectomy
Secondary outcomes: health- related QALYs and functional outcome of the mRS

Costs SHI perspective: direct inpatient and outpatient medical costs associated with the intervention and 
running costs
Societal perspective: medical and non- medical costs from a patient’s perspective, productivity loss and 
implementation costs

Evaluation ICERs and ICURs
 ► Incremental cost per minute reduction in mean process time to thrombectomy.
 ► Incremental cost per QALY gained.
 ► Incremental cost per mRS unit gained.

Currency Euros (2021)

Discount rate Not applicable (no follow- up over 1 year)

Uncertainty/sensitivity analyses Scenario analyses to determine the influence of estimate changes, non- parametric bootstrapping to 
determine CIs, cost- effectiveness acceptability curves and
explorative subgroup analyses

ICER, incremental cost- effectiveness ratio; ICUR, incremental cost:utility ratio; mRS, modified Rankin Scale; QALY, quality of life; SHI, statutory health 
insurance; TEMPiS- FIT, TEMPiS–Flying Intervention Team.
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at three points in time (t0=initial hospitalisation, t1=3- 
month follow- up and t2=12- month follow- up) during 
the trial. Cost and resource use data are provided by the 
participating health insurance companies in the form of 
routine data. In order to record pre- existing variation in 
patient characteristics at baseline, routine data include a 
1- year preobservation period in addition to the 12- month 
follow- up period after the procedure. For incomplete and 
missing data sets, appropriate imputation methods, such 
as multiple imputation and inverse probability weighting, 
depending on the underlying missing data mechanism, 
are used in line with best practice guidance.34 The collec-
tion of additional patient characteristics, such as sociode-
mographic parameters, which are not part of the working 
hypothesis, serves to identify possible differences between 
the intervention and control groups. This allows adjust-
ment for potential bias and the presentation of the effects 
stratified by relevant groups.

Outcome data
The within- trial clinical outcome measure for the CEA is 
the incremental change in the primary endpoint of the 
study between the intervention and control groups. As the 
main goal of the Flying Intervention Team is to provide 
comprehensive care for patients who had a stroke in rural 
areas, the mean process time to thrombectomy is a process 
measure that correlates highly with the treatment effec-
tiveness and thus provides a reasonable primary endpoint 
for the new health technology. To measure health- related 
quality of life as part of the CUA, QALYs are calculated 
based on the commonly used EQ- 5D- 5L questionnaire 
surveyed by telephone.35 The EQ- 5D- 5L consists of five 
quality of life dimensions (mobility, self- care, usual activi-
ties, pain/discomfort and anxiety/depression) measured 
in five levels (no problems, slight problems, moderate 
problems, severe problems and extreme problems). Self- 
reported patient answers are then converted to a utility 
score ranging from –0.59 to 1.0 using predetermined 
value sets, where 1 represents full health and 0 represents 
death.

In addition to the primary outcome and the QALYs, 
the mRS serves as a secondary outcome measure for the 
incremental effect change in the CEA. Owing to its stan-
dardised and stroke- specific set- up, the mRS allows a valid 
quantification of neurological and functional deficit after 
an ischaemic stroke36–38 and is widely used as a param-
eter for economic analyses in the international stroke 
literature.39–42

Healthcare resource use, unit costs and intervention costs
For the primary data collection from the SHI perspective, 
we will gather information on the incremental resource 
use and costs invested to provide the new form of care 
compared with standard care. Using the documenta-
tion alongside the clinical trial and the routine data 
provided by the participating SHIs, we will identify rele-
vant parameters of direct medical and intervention costs 
of the new health technology as well as conventional care. 

Available cost categories include treatment costs, emer-
gency medical services, inpatient and outpatient medical 
care, pharmaceuticals and medicines, remedies, medical 
auxiliary aids, domestic and ambulant patient nursing 
care, as well as rehabilitation. After identifying all rele-
vant cost items, unit costs and the respective quantities 
are presented as a quantity structure to provide an over-
view of investments that would be necessary to transfer 
the new care system into standard care.43 44 In addition 
to the cost information provided by the routine data, we 
will use standard cost rates for the German public health 
insurance system to verify and validate total incremental 
costs incurred.

In addition to the perspective of the health insurance 
funds, we will collect supplementary information on 
direct and indirect medical and non- medical costs from 
a patient’s perspective as well as implementation costs 
caused by the new care structure not covered by the 
health insurance expenses to provide a macroeconomic 
view. Direct patient and relatives’ cost items considered 
include, for example, medical copayments and travel time 
and are estimated using prestructured questionnaires, 
telephone interviews and relevant literature. Indirect 
costs, on the other hand, are estimated as productivity 
losses associated with the reduced ability or inability to 
work based on routine data. Costs related to the imple-
mentation of the new health technology and its recurrent 
costs necessary for ongoing provision will be considered 
as running cost items.

Analysis
Cost analysis
Combining the relevant information on resource use and 
unit costs, cost data will be reported as average total costs 
per patient in each trial group measured in Euros. With 
regard to the CEA and CUA, incremental costs will be 
calculated by taking the difference between the mean 
per- patient costs of the two study groups. Costs directly 
related to the administration of the trial, and thus solely 
for research purposes, will be excluded from the analysis. 
Owing to the available data time span of five consecutive 
years (2017–2021), costs will be inflated based on the 
Harmonised Index of Consumer Prices of the German 
Federal Statistical Office using 2021 as the reference 
year.45 46

Table 2 provides an overview of the respective cost 
parameters that will be collected as part of the TEMP-
iS- GÖA project.

Cost-effectiveness and cost-utility analysis
As the quasi- randomisation of patients is based on the 
calendar weeks of the intervention and not at the patient 
level, generalised linear models are used prior to the main 
analysis to extensively check whether an adjustment due 
to an unequal distribution of the baseline characteristics 
from the routine data or clinic- specific data is necessary 
in order to ensure results that are as unbiased as possible 
with regard to the defined endpoints. If necessary, 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060533 on 20 S

eptem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Coors M, et al. BMJ Open 2022;12:e060533. doi:10.1136/bmjopen-2021-060533

Open access 

additional risk adjustment methods, such as matching 
methods, will be applied to minimise possible selection 
bias. Demographics and baseline characteristics from the 
study and routine data are summarised and presented 
descriptively for the entire study population and stratified 
by study groups.

The health economic analysis will be carried out via 
CEA and CUA and will include total costs and effects 
accumulated during the intervention and follow- up 
period of the trial. Results will be presented as ICERs and 
ICURs representing the difference in costs between the 
intervention and control groups divided by the difference 
in the respective outcome measure. As described previ-
ously, incremental mean costs will be estimated by multi-
plying the resource use quantities with unit costs for each 
of the study groups. Incremental mean effects will be 
derived based on the difference in the primary outcome 
parameter of the TEMPiS- FIT study and the self- reported 
health- related quality of life measures (QALYs) between 
the groups. With respect to the chosen outcome and cost 
measures, results in the form of ICERs and ICURs will be 
presented as the incremental costs per minute reduction 
in mean process time to thrombectomy, the incremental 
costs per QALY gained and the incremental costs per 
mRS unit gained.

Subgroup and sensitivity analysis
In addition to the main analysis, we will perform sensi-
tivity analyses and subgroup analyses to test the robust-
ness as well as the reliability of our results. The statistical 
uncertainty of the cost and effect measures as well as the 
ICER will be explored using deterministic and probabi-
listic sensitivity analyses. To determine the influence of 
estimated changes on the overall results, we will conduct 
scenario analyses with variations in potentially influential 
variables across plausible ranges (ie, 50%–150%). Using 
non- parametric bootstrapping techniques to generate 
95% CIs, we will plot results on a cost- effectiveness 
plane to graphically depict uncertainty. In addition, 

cost- effectiveness acceptability curves (CEACs) are used 
to visually represent the probability of cost- effectiveness 
of the new health technology compared with standard 
care in terms of various willingness to pay thresholds. 
Furthermore, we will conduct explorative subgroup anal-
yses disaggregated by demographic characteristics, socio-
economic status and study group to allow for a provision 
of differentiated results and an indication for the trans-
ferability to the German SHI population.

Strength and limitations
While the TEMPiS- FIT study focuses on the analysis of 
the processes and the clinical outcome of the new health 
technology in the form of the Flying Intervention Team 
for patients who had an ischaemic stroke in rural areas 
of Southeast Bavaria, the TEMPiS- GÖA study will provide 
evidence on the cost- effectiveness from both the SHI and 
the societal perspective. Designed alongside the quasi- 
experimental, cluster- randomised TEMPiS- FIT study 
and subsequent registry, the quasi- randomised alloca-
tion into intervention and transfer weeks as well as the 
strict definition of inclusion and exclusion criteria are 
intended to minimise possible selection bias. In addition, 
the use of generalised linear models prior to the health 
economic analysis allows for possibly necessary adjust-
ments resulting from an unequal distribution of the study 
groups’ baseline characteristics. As an independent eval-
uation institute and by prespecifying the parameters and 
outcomes of interest with respect to the CEA and CUA, we 
additionally reduce potential hypothesis- driven bias. The 
simultaneous collection of clinical trial data and routine 
data allows us to systematically validate cost- related and 
outcome- related data as well as minimise potential prob-
lems with missing data. In contrast to an artificial study 
environment, the use of routine data provides further 
indications about the transferability of the results to the 
entire German SHI population.

Some aspects of our study design have potential limita-
tions. The effect measure for the CUA (QALYs) as well 

Table 2 Summary of cost parameters

Cost parameters Collection strategy/source of data

Statutory health insurance fund perspective

Direct medical costs Inpatient and outpatient medical care, 
pharmaceuticals, remedies, medical auxiliary 
aids, domestic and ambulant patient nursing 
care, rehabilitation and emergency medical 
services

Routine data from the participating SHI funds

Running costs Helicopter availability, intervention team 
availability and personnel training

Routine data from the participating SHI funds, 
financial data provided by the hospital

Societal perspective

Medical costs (patients’ perspective) Copayments and care provided by relatives Patient questionnaires during the follow- up (t1 
and t2)

Non- medical costs (patients’ perspective) Travel/transportation costs and time, 
productivity loss

Patient questionnaires during the follow- up (t1 
and t2)

Implementation costs Telemedicine IT equipment, quality 
management and administration

Financial data provided by the hospital
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as incurred patient costs are self- reported and thus 
susceptible to recall bias. In particular, when considering 
the societal perspective, a complete representation of 
accrued costs is often unfeasible for ethical and intan-
gibility reasons. Considering the relatively short time 
horizon of the 12- month follow- up period and the high 
initial investment costs for helicopter availability, further 
research might be necessary to investigate the long- term 
cost- effectiveness of the Flying Intervention Team.

Following the publication of the clinical trial, the eval-
uation of the economic data in the form of the CEA and 
CUA provides useful information to healthcare policy- 
makers as a decision aid for a nationwide and compre-
hensive provision of the unique and innovative care 
system for patients who had an ischaemic stroke in rural 
areas. Consequently, TEMPiS- GÖA aims to add valuable 
evidence on the cost- effectiveness of alternative transfer 
methods using a helicopter in the treatment of patients 
who had an acute ischaemic stroke in rural areas to the 
relatively limited evidence base.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

ETHICS AND DISSEMINATION
Approval, registration and consent to participate
The TEMPiS- GÖA study has been registered with the 
German Clinical Trials Register. Ethical approval for 
the TEMPiS- FIT study has been granted by the Bavarian 
State Medical Association Ethics Committee (# 17056). 
According to §15 of the Bavarian Medical Association’s 
code of conduct, further ethical approval for the TEMP-
iS- GÖA study was not required (consultation of the 
Bavarian State Medical Association Ethics Committee 
from 20 October 2020). Our application to use routine 
data for the TEMPiS- GÖA study was approved by the 
regulatory authorities of the participating SHIs (Regional 
Association of SHI Physicians in Bavaria, granted 13 April 
2021; Federal Office for Social Security, granted 12 July 
2021). Both authorities also confirmed that, according 
to Section 75 of Book X of the German Code of Social 
Law (§75 SGB X), obtaining informed consent from 
the patients prior to the follow- up questionnaire is not 
required because it would be unreasonable on account 
of the severity of the disease and would additionally 
lead to relevant statistical biases in the analyses. Results 
of the health economic evaluation will be disseminated 
via reports, presentations of the results in peer- reviewed 
journals, at conferences, in public relations as well as on 
the TEMPiS project website (https://www.tempis.de/ 
wissenschaft/).

Data management and protection
The data provided are processed exclusively for scientific 
research purposes within the framework of the Innova-
tion Fund project ‘Health Economic Analysis of the Flying 

Interventionalist as a New Stroke Care System in Rural 
Areas/TEMPiS – GÖA’. The legal basis for the processing 
is Section 75 of Book X of the German Code of Social Law 
(§75 SGB X: Transfer of Social Data for Research). The 
data transmission from the participating health insurance 
funds and the TEMPiS Network to the evaluating insti-
tute is organised via the TUM Trust Centre, where the 
pseudonymised primary data from the TEMPiS Network 
are linked with the pseudonymised routine data from the 
respective health insurance fund. To prevent reidentifica-
tion, pseudonymised trial- based and economic data will 
be pseudonymised again after the linkage and maintained 
in password- protected, encrypted containers. Inferences 
to individuals are excluded.

Acknowledgements We thank the participating health insurance funds AOK 
Bayern–Die Gesundheitskasse, BARMER and BKK Landesverband Bayern for the 
data preparation.

Contributors LS, GJH and NDH planned this study and developed the intervention. 
LS, MC, RF and WS conceptualised the economic evaluation. MC drafted the 
manuscript together with RF, WS and LS. All authors reviewed and edited the 
original manuscript. All authors provided input and read and approved the final 
manuscript.

Funding The study is fully funded by the German Federal Joint Committee (GBA), 
grant number 01VSF19044.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants, but Ethical approval 
for the TEMPiS–Flying Intervention Team study has been granted by the Bavarian 
State Medical Association Ethics Committee (# 17056). According to §15 of the 
Bavarian Medical Association’s code of conduct, further ethics approval for the 
TEMPiS- GÖA study was not required (consultation of the Bavarian State Medical 
Association Ethics Committee from 20 October 2020). Our application to use routine 
data for the TEMPiS- GÖA study was approved by the regulatory authorities of the 
participating statutory health insurances (Regional Association of SHI Physicians in 
Bavaria, granted 13 April 2021; Federal Office for Social Security, granted 12 July 
2021). Both authorities also confirmed that, according to Section 75 of Book X of 
the German Code of Social Law (§75 SGB X), obtaining informed consent from the 
patients prior to the follow- up questionnaire is not required because it would be 
unreasonable on account of the severity of the disease and would additionally lead 
to relevant statistical biases in the analyses.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Marie Coors http://orcid.org/0000-0002-6800-3326
Ronja Flemming http://orcid.org/0000-0003-3123-1808

REFERENCES
 1 Diederichs C, Mühlenbruch K, Lincke H- O, et al. Predictors of 

dependency on nursing care after stroke: results from the Dortmund 
and Münster stroke Registry. Dtsch Arztebl Int 2011;108:592–9.

 2 OECD/European Observatory on health systems and policies. 
Germany: country health profile 2019, state of health in the EU. Paris 
OECD Publishing; 2019.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060533 on 20 S

eptem
ber 2022. D

ow
nloaded from

 

https://www.tempis.de/wissenschaft/
https://www.tempis.de/wissenschaft/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6800-3326
http://orcid.org/0000-0003-3123-1808
http://dx.doi.org/10.3238/arztebl.2011.0592
http://bmjopen.bmj.com/


8 Coors M, et al. BMJ Open 2022;12:e060533. doi:10.1136/bmjopen-2021-060533

Open access 

 3 Feigin VL, Abajobir AA, Abate KH, et al. Global, regional, and national 
burden of neurological disorders during 1990–2015: a systematic 
analysis for the global burden of disease study 2015. Lancet Neurol 
2017;16:877–97.

 4 Hankey GJ. Stroke. The Lancet 2017;389:641–54.
 5 Düvel JA, Damm O, Greiner W. Die Kosten des Schlaganfalls 

in Deutschland: eine systematische Übersichtsarbeit. 
Gesundheitsökonomie & Qualitätsmanagement 2021;26:40–50.

 6 Luengo- Fernandez R, Violato M, Candio P, et al. Economic burden of 
stroke across Europe: a population- based cost analysis. Eur Stroke J 
2020;5:17–25.

 7 Jahan R, Saver JL, Schwamm LH, et al. Association between time 
to treatment with endovascular reperfusion therapy and outcomes in 
patients with acute ischemic stroke treated in clinical practice. JAMA 
2019;322:252–63.

 8 Mulder MJHL, Jansen IGH, Goldhoorn R- JB, et al. Time to 
endovascular treatment and outcome in acute ischemic stroke: Mr 
clean registry results. Circulation 2018;138:232–40.

 9 Saver JL, Goyal M, van der Lugt A, et al. Time to treatment with 
endovascular thrombectomy and outcomes from ischemic stroke: a 
meta- analysis. JAMA 2016;316:1279–88.

 10 Adeoye O, Albright KC, Carr BG, et al. Geographic access to acute 
stroke care in the United States. Stroke 2014;45:3019–24.

 11 Müller- Barna P, Hubert GJ, Boy S, et al. Telestroke units serving as 
a model of care in rural areas: 10- year experience of the telemedical 
project for integrative stroke care. Stroke 2014;45:2739–44.

 12 Ringleb PA, Hemetner C, Köhrmann M. S2e Leitlinie zur Akuttherapie 
des ischämischen Schlaganfalls: AWMF- Registernummer 030- 046. 
Deutsche Gesellschaft für Neurologie, 2021. Available: https:// 
dgn.org/leitlinien/ll-030-046-akuttherapie-des-ischaemischen- 
schlaganfalls-2021/

 13 Saver JL, Goyal M, Bonafe A, et al. Stent- retriever thrombectomy 
after intravenous t- PA vs. t- PA alone in stroke. N Engl J Med 
2015;372:2285–95.

 14 Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy within 8 
hours after symptom onset in ischemic stroke. N Engl J Med 
2015;372:2296–306.

 15 Goyal M, Menon BK, van Zwam WH, et al. Endovascular 
thrombectomy after large- vessel ischaemic stroke: a meta- analysis 
of individual patient data from five randomised trials. Lancet 
2016;387:1723–31.

 16 Goyal M, Demchuk AM, Menon BK, et al. Randomized assessment 
of rapid endovascular treatment of ischemic stroke. N Engl J Med 
2015;372:1019–30.

 17 Campbell BCV, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy 
for ischemic stroke with perfusion- imaging selection. N Engl J Med 
2015;372:1009–18.

 18 Berkhemer OA, Fransen PSS, Beumer D, et al. A randomized trial 
of intraarterial treatment for acute ischemic stroke. N Engl J Med 
2015;372:11–20.

 19 Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at 
6 to 16 hours with selection by perfusion imaging. N Engl J Med 
2018;378:708–18.

 20 Bracard S, Ducrocq X, Mas JL, et al. Mechanical thrombectomy after 
intravenous alteplase versus alteplase alone after stroke (THRACE): a 
randomised controlled trial. Lancet Neurol 2016;15:1138–47.

 21 Audebert HJ, Wimmer MLJ, Schenkel J. Telemedizinisch vernetzte 
Schlaganfallstationen. Vorstellung des telemedizinischen 
Pilotprojekts Zur integrierten Schlaganfallversorgung in 
Südostbayern und seiner Effizienzanalyse. Nervenarzt 
2004;75:161–5.

 22 Hubert GJ, Kraus F, Maegerlein C, et al. The "Flying Intervention 
Team": A Novel Stroke Care Concept for Rural Areas. Cerebrovasc 
Dis 2021;50:375–82.

 23 Hubert GJ, Hubert ND, Maegerlein C, et al. Association between use 
of a flying intervention team vs patient interhospital transfer and time 
to endovascular thrombectomy among patients with acute ischemic 
stroke in nonurban Germany. JAMA 2022;327:1795–805.

 24 Wei D, Oxley TJ, Nistal DA, et al. Mobile interventional stroke teams 
lead to faster treatment times for thrombectomy in large vessel 
occlusion. Stroke 2017;48:3295–300.

 25 Seker F, Möhlenbruch MA, Nagel S, et al. Clinical results of a new 
concept of neurothrombectomy coverage at a remote hospital-"drive 
the doctor". Int J Stroke 2018;13:696–9.

 26 Hui FK, El Mekabaty A, Schultz J, et al. Helistroke: 
neurointerventionalist helicopter transport for interventional stroke 
treatment: proof of concept and rationale. J Neurointerv Surg 
2018;10:225–8.

 27 Seker F, Fiehler J, Möhlenbruch MA, et al. Time metrics to 
endovascular thrombectomy in 3 triage concepts: a prospective, 
observational study (NEUROSQUAD). Stroke 2020;51:335–7.

 28 Brekenfeld C, Goebell E, Schmidt H, et al. 'Drip- and- drive': shipping 
the neurointerventionalist to provide mechanical thrombectomy in 
primary stroke centers. J Neurointerv Surg 2018;10:932–6.

 29 Ringburg AN, Polinder S, Meulman TJ, et al. Cost- Effectiveness and 
quality- of- life analysis of physician- staffed helicopter emergency 
medical services. Br J Surg 2009;96:1365–70.

 30 Coughlan D, McMeekin P, Flynn D, et al. Secondary transfer of 
emergency stroke patients eligible for mechanical thrombectomy by 
air in rural England: economic evaluation and considerations. Emerg 
Med J 2021;38:33–9.

 31 Silbergleit R, Scott PA, Lowell MJ, et al. Cost- Effectiveness of 
helicopter transport of stroke patients for thrombolysis. Acad Emerg 
Med 2003;10:966–72.

 32 Husereau D, Drummond M, Petrou S, et al. Consolidated health 
economic evaluation reporting standards (cheers) statement. BMJ 
2013;346:f1049.

 33 Armitage P, Berry G, Matthews J. Statistical methods in medical 
research. Oxford, UK: Blackwell Science Ltd, 2002.

 34 Faria R, Gomes M, Epstein D, et al. A guide to handling missing 
data in cost- effectiveness analysis conducted within randomised 
controlled trials. Pharmacoeconomics 2014;32:1157–70.

 35 Herdman M, Gudex C, Lloyd A, et al. Development and preliminary 
testing of the new five- level version of EQ- 5D (EQ- 5D- 5L). Qual Life 
Res 2011;20:1727–36.

 36 Farrell B, Godwin J, Richards S, et al. The United Kingdom transient 
ischaemic attack (UK- TIA) aspirin trial: final results. J Neurol 
Neurosurg Psychiatry 1991;54:1044–54.

 37 Nelson RE, Saltzman GM, Skalabrin EJ, et al. The cost- effectiveness 
of telestroke in the treatment of acute ischemic stroke. Neurology 
2011;77:1590–8.

 38 Rankin J. Cerebral vascular accidents in patients over the age of 60: 
II. prognosis. Scott Med J 1957;2:200–15.

 39 Achit H, Soudant M, Hosseini K, et al. Cost- Effectiveness of 
thrombectomy in patients with acute ischemic stroke: the THRACE 
randomized controlled trial. Stroke 2017;48:2843–7.

 40 Arora N, Makino K, Tilden D, et al. Cost- Effectiveness of mechanical 
thrombectomy for acute ischemic stroke: an Australian payer 
perspective. J Med Econ 2018;21:799–809.

 41 Eriksson M, Norrving B, Terént A, et al. Functional outcome 3 
months after stroke predicts long- term survival. Cerebrovasc Dis 
2008;25:423–9.

 42 Hankey GJ, Spiesser J, Hakimi Z, et al. Time frame and predictors 
of recovery from disability following recurrent ischemic stroke. 
Neurology 2007;68:202–5.

 43 Neubauer S, Zeidler J, Lange A. Grundlagen und Methoden von 
GKV- Routinedatenstudien 2014 http://hdl.handle.net/10419/107639

 44 Schreyögg J, Stargardt T. Gesundheitsökonomische evaluation 
auf Grundlage von GKV- Routinedaten. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz 2012;55:668–76.

 45 Drummond MF, Sculpher M, Claxton K. Methods for the economic 
evaluation of health care programmes. 4th edn. Oxford: Oxford Univ, 
2015.

 46 Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen. 
Allgemeine Methoden: version 6.1 vom 24.01. 2022. 6th edn. Köln, 
2022.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060533 on 20 S

eptem
ber 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1016/S1474-4422(17)30299-5
http://dx.doi.org/10.1016/S0140-6736(16)30962-X
http://dx.doi.org/10.1055/a-1258-5683
http://dx.doi.org/10.1177/2396987319883160
http://dx.doi.org/10.1001/jama.2019.8286
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.032600
http://dx.doi.org/10.1001/jama.2016.13647
http://dx.doi.org/10.1161/STROKEAHA.114.006293
http://dx.doi.org/10.1161/STROKEAHA.114.006141
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://dgn.org/leitlinien/ll-030-046-akuttherapie-des-ischaemischen-schlaganfalls-2021/
http://dx.doi.org/10.1056/NEJMoa1415061
http://dx.doi.org/10.1056/NEJMoa1503780
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
http://dx.doi.org/10.1056/NEJMoa1414905
http://dx.doi.org/10.1056/NEJMoa1414792
http://dx.doi.org/10.1056/NEJMoa1411587
http://dx.doi.org/10.1056/NEJMoa1713973
http://dx.doi.org/10.1016/S1474-4422(16)30177-6
http://dx.doi.org/10.1007/s00115-003-1659-2
http://dx.doi.org/10.1159/000514845
http://dx.doi.org/10.1159/000514845
http://dx.doi.org/10.1001/jama.2022.5948
http://dx.doi.org/10.1161/STROKEAHA.117.018149
http://dx.doi.org/10.1177/1747493018765267
http://dx.doi.org/10.1136/neurintsurg-2017-013050
http://dx.doi.org/10.1161/STROKEAHA.119.027050
http://dx.doi.org/10.1136/neurintsurg-2017-013634
http://dx.doi.org/10.1002/bjs.6720
http://dx.doi.org/10.1136/emermed-2019-209039
http://dx.doi.org/10.1136/emermed-2019-209039
http://dx.doi.org/10.1197/s1069-6563(03)00316-6
http://dx.doi.org/10.1197/s1069-6563(03)00316-6
http://dx.doi.org/10.1136/bmj.f1049
http://dx.doi.org/10.1007/s40273-014-0193-3
http://dx.doi.org/10.1007/s11136-011-9903-x
http://dx.doi.org/10.1007/s11136-011-9903-x
http://dx.doi.org/10.1136/jnnp.54.12.1044
http://dx.doi.org/10.1136/jnnp.54.12.1044
http://dx.doi.org/10.1212/WNL.0b013e318234332d
http://dx.doi.org/10.1177/003693305700200504
http://dx.doi.org/10.1161/STROKEAHA.117.017856
http://dx.doi.org/10.1080/13696998.2018.1474746
http://dx.doi.org/10.1159/000121343
http://dx.doi.org/10.1212/01.wnl.0000250327.73031.54
http://hdl.handle.net/10419/107639
http://dx.doi.org/10.1007/s00103-012-1476-5
http://dx.doi.org/10.1007/s00103-012-1476-5
http://bmjopen.bmj.com/

	Health economic evaluation of the ‘Flying Intervention Team’ as a novel stroke care concept for rural areas: study protocol of the TEMPiS-GÖA study
	Abstract
	Introduction
	Relevance
	Context TEMPiS–Flying Intervention Team (TEMPiS-FIT)
	Study aim

	Methods and analysis
	TEMPiS-FIT study design
	TEMPiS-GÖA design
	Study population and sample size
	Data collection
	Outcome data
	Healthcare resource use, unit costs and intervention costs
	Analysis
	Cost analysis
	Cost-effectiveness and cost-utility analysis
	Subgroup and sensitivity analysis

	Strength and limitations
	Patient and public involvement

	Ethics and dissemination
	Approval, registration and consent to participate
	Data management and protection

	References


