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Abstract Telemedicine is in increasing use in clinical

neuroscience such as acute stroke care, especially by

applying remote audiovisual communication for patient

evaluation. However, telephone consultation was also used

linking stroke centres to smaller hospitals. We compared

costs of telestroke services using audiovisual and telephone

communication in different organizational models. Within

a small network in Northern Bavaria video-based telecon-

sultation (VTC) and telephone advice (TA) was provided

for evaluation of acute stroke patients on a weekly rotation.

The costs of the admissions process with or without one of

both methods of telemedicine were calculated and com-

pared from the perspective of the spoke hospital. Different

levels of service and network size were modelled and costs

of transfers as well as loss of revenues were calculated.

Yearly total labour costs were 415,000 € for an on-site

service VTC-service compared to 61,000 € in an on-call

service. Additional costs for one teleconsultation were

109.55 € in VTC and 49.82 € in TA (VTC/TA ratio 2.2).

The ratio decreased to 0.8 when accounting for costs of

transfer and loss of reimbursement for all patients trans-

ferred as transfer of patients to the stroke centre was more

frequent after TA (9.1 vs. 14.9 %full-time on-site ser).

Costs of one QALY gained by using VTC instead of TA

ranged from 115.00 € to 515.86 € depending on the dif-

ferent models. In the first view TA looks like the less

expensive method as it is easy to access and works without

additional costs. When accounting for all disadvantages TA

becomes slightly more expensive. In telestroke care VTC

should be recommended as the method of choice also from

an economic perspective.

Keywords Acute stroke � Costs � Telemedicine � Stroke

management

Introduction

Use of telemedicine is rapidly growing in acute stroke care.

Telemedicine has been demonstrated to be a safe and

effective way to support administration of thrombolysis in

smaller hospitals [1]. First guidelines and Health Tech-

nology Assessment (HTA) reports are published on the

basis of upcoming evidence [2] while studies on costs and
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economic impact of Telemedicine in stroke care are lim-

ited. There are reports on cost-effectiveness of telestroke in

general stroke care [3, 4], especially with respect to

enforcement of thrombolysis. Herein telestroke service was

found to save costs for the overall healthcare system and

reduce costs for the spoke hospital [3]. In these studies

telestroke service was based on use of direct audiovisual

communication. Nevertheless, telephone advice was also

reported as a method to guide thrombolysis in remote

hospitals [5]. Thus it is not clear which method of tele-

medicine is mandatory and feasible for guiding acute

stroke care. While telephone consultation was reported to

be equal to telestroke in safety of thrombolysis [6], remote

video consultation was found to be superior to telephone

contact regarding several outcome parameters [7] and in

enforcing use of tPA [8]. We compared several types of

service using video-based teleconsultation (VTC) to tradi-

tional telephone advice (TA) in acute stroke care within a

telestroke project. Herein we aimed to calculate net costs of

different methods and systems of service including their

various impacts on costs and revenues of the local ‘‘spoke’’

hospitals.

Materials and methods

The study was conducted within the Project for ‘‘Stroke

Care using Telemedicine in Northern Bavaria’’ (STENO), a

small pilot study of a stroke care network consisting of two

stroke centres at Nuremberg and Erlangen and two local

hospitals (district hospitals at Roth and Forchheim,

Bavaria, Germany). The STENO project was funded by the

Bavarian State Government. Meanwhile, STENO has

expanded to a network with 3 stroke centres (hubs) and 17

local hospitals (spokes) from this pilot project.

Within the study period of 1 year all stroke patients

admitted to the two local hospitals were included in the

study. On a week to week rotation there was a switch

between pure telephone advice (TA) and full audiovisual

consultation using remote video examination called video-

based teleconsultation (VTC). Details of the study meth-

odology are described in a prior paper [7].

VTC was performed using a novel audio-visual tele-

support system (EVITA, Optics Research and Information

Ltd, Erlangen, Germany) fulfilling the recommendations of

the American Heart Association Stroke Council [2]. Details

of the EVITA-system and its technical features were pre-

viously reported [7, 9]. Due to availability of high band-

with lines and needs of data safety, the system was

accessible only at one personal computer at the stroke unit

of each centre.

Clinical examinations of patients at the local hospital

were performed based on a standard procedure applying

the National Institutes of Health Stroke Scale by the remote

examiner. Assistance at bedside was provided by the local

physician on call. Images of computed tomography (CT)

scans of the brain were reviewed by the remote examiner at

the stroke centre. After the examination, a hand-written

statement was given by the consulting expert concerning

assessment and treatment recommendation and sent to the

local hospital by fax.

Telephone advice (TA) was conducted via standard

telephone lines or in some cases GSM-cell phones. His-

tory, symptoms and clinical findings as well as findings

from CT-imaging were reported orally by the local phy-

sician to the stroke expert in the centre. Recommenda-

tions for further diagnostics and treatment were also

discussed by telephone only. Only experienced stroke

neurologists were qualified for providing teleconsultation

in both modes.

During the whole study all workflow of the admission

process was monitored, all workload and material of the

admissions and teleconsultation process was registered and

used for complete accounting of all variable costs of each

consultation. Teleconsultation is included in the admissions

process. Therefore, costs of the normal admissions process

from door to stroke unit (or transfer to the stroke centre)

were calculated as well as the costs for the admissions

process including VTC or including TA, respectively.

Fixed overhead costs were partially included. Total

costs of labour were calculated by average salaries and on-

call fees of an experienced physician and an emergency

room nurse. A summary of calculation input data is given

in the appendix (supplementary material). From these data

a calculation of total costs at the local hospital for VTC and

TA was performed considering different models of service:

(A) an on-call service (consulting stroke expert is at

home and gets involved on demand) for a small

network including two hospitals and one centre (140

consultations per hospital per year). In an on-call

model TA can be done from home or any other

place. For every VTC the expert has to drive to the

stroke centre as there is only one telestroke unit on

site (a maximum delay of 30 min was accepted from

call to start of consultation).

(B) Full-time on-site service (consulting expert is in

hospital all time) for a small network of the same

size.

(C) Full-time on-site service (consulting expert is in

hospital all time) for a larger network of 11 hospitals

and 1 centre (ca. 2,000 consultations per year).

Full expenses of the telemedicine service at the stroke

centres were accounted to the local (spoke) hospitals in

each model. For model (A) a further calculation for VTC

and TA was made including the costs of patient transfer
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and loss of reimbursement (at the local hospital) for

patients being transferred to the centre.

For sensitivity analysis we calculated the model

including costs of transfer and loss of reimbursement by

stepwise alteration of case rate by 100 € steps from 2,243 €
to 4,243 € and alteration of network capacity (number of

teleconsultations per year) from 1,000 to 3,000

consultations.

To estimate cost effectiveness the incremental costs of

VTC for one life saved was calculated. The cost rates are

not discounted as they were fixed amounts at one time

point or spent over some weeks, respectively. Cost-effec-

tiveness by life years and quality adjusted life years

(QALY) saved were calculated by data of the Bavarian

Bureau of Statistics on average life expectancy [10]. There

are no data on health utilities from our study. Thus we used

data from the Oxford Vascular Study for estimation of

QALYs achieved [11].

Results

In a prior paper [7] we reported medical outcomes and

baseline data of the pilot study: while the two groups of 77

VTC and 74 TA were comparable in demographic and

medical characteristics of patients (mean age 68.6 years)

there were more patients with intracerebral hemorrhage in

VTC (n = 9) than in TC (n = 5). Patients with a need for

thrombolysis were not included in the evaluation as there

was a special pathway for them. Duration of the pure video

examination was 17.8 min (9–35 min) while the phone call

itself took 13.6 min (6–30 min). Accounting for all directly

related processes like preparation and documentation VTC

took 49.8 min (29–62 min) at the stroke centre and

44.2 min (35–60 min) at the local hospital, while for TA a

mean time of 27.2 min (15–38 min) was spent at the stroke

centre and 22.3 min (10–29 min) at the local hospital.

After VTC 9.1 % of all patients were transferred compared

to 14.9 % after TA, in-hospital mortality was higher in

patients after TA (6.8 %) than after VTC (3.9 %) [7].

Calculated costs for one transfer were 881.91 €. For

reimbursement of one stroke case an average case rate of

3,243 € was accounted for according to the German

Diagnosis Related Groups system (DRG) (2012 release).

The yearly total personnel costs calculation sums up for

415,000 € for hospital-based full service VTC at the stroke

centre. An on-call service would cost about 61,000 € per

year at the hub. Table 1 lists the total costs at the hub for

both methods.

The teleconsultation is included in the admission pro-

cess. Therefore, costs of the normal admission process

from door to stroke unit (or transfer) were calculated

(100.36 € per case) as well as costs of admission process

including TA (150.06 € per case) or VTC (209.91 € per

case). See Appendix (supplementary material) for cost

accounting of these variables. For further analysis the

additional costs of each mode of teleconsultation are given

as the difference of normal and teleconsultation-based

admission process. Additional costs of one video-based

teleconsultation (VTC) or one telephone advice (TA) in the

different models of service are given in Table 2 as well as

the ratio VTC/TA. A differentiation of costs including

costs of transfer and loss of reimbursement within model A

and C is shown in Table 2 as well.

On sensitivity analysis alteration of case rate and net-

work capacity proofed the dominant effect of including

transferred cases by a stable VTC/TA ratio of 0.78

(0.75–0.81) for model C and 0.84 (0.80–0.89) for model A.

Moreover, as transfer rates may differ between networks

and will change within one network over time, we calcu-

lated transfer rates that set both methods equal (cost ratio

VTC/TA 1.0) when costs of transfer and case rate are

stable: If transfer rates of VTC and TA converge a rate of

10.9 % for VTC and 12.1 % for TA will produce the same

costs per consultation. If the transfer rate of 14.9 % for TA

remains stable a transfer rate of 13.6 % in VTC is required,

while a transfer rate of only 10.4 % in TA compares to a

stable rate of 9.1 % in VTC.

Based on the different mortality rates 100 VTCs will

reduce mortality by 2.9 %. Accordingly, incremental

costs of one life saved were 3,714.18 € in model A

(additional costs of VTC over TA), 2,422.56 € in model B

Table 1 Fixed costs of

telemedicine service at the

stroke centre (hub)

VTC TA

Full-time on-site service Labour costs: 415,905.73 €

Data line rental: 3,205.80 €

Technical service: 2,160.00 €

Fixed costs/year: 421,271,53 €

Labour costs: 415,905.73 €

Fixed costs/year: 415,905.73 €

On-Call service Labour costs ca.: 60,910.00 €

Data line rental: 3,205.80 €

Technical service: 2,160.00 €

Fixed costs/year: 66,275.80 €

Labour costs ca.: 57,010.00 €

Mobile phone: 168.36 €

Fixed costs/year: 57,178.36 €
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and 1,872.26 € in model C. Life-expectancy in our

patients (mean age 68.8 years) is estimated for

16.28 years [10]. Subsequently incremental costs of one

life year saved were 228.14 € for model A, 148.80 € for

model B and 115.00 € for model C. Quality adjusted life

expectancy depends on health-related utilities for a life-

time in a condition of illness or disability. A recent

publication from the Oxford Vascular Study notes a health

utility of 0.7 for a life after stroke [11]. The authors also

combined utilities with data for 5-year life expectancy

that was 2.21 quality adjusted life years (QALY) for the

5-year period. Going from these data costs for one QALY

saved by VTC would be 515.86 € for model A, 336.47 €
for model B and 260.04 € for model C. A summary of

these data is shown in Table 3.

Discussion

Telemedicine has been already used for stroke care and its

beneficial effect in terms of, e.g. enforcing thrombolysis

has been shown [1, 12]. However, telemedicine can be

established with different modes of communication. In a

prior paper we reported a study comparing traditional

telephone communication with full-size audiovisual link-

age in acute stroke care [7]. This work reports the

comparison of costs of these two methods in various

models and estimation of cost-effectiveness of VTC.

This is one of the first reports on a prospective evalua-

tion of costs of telestroke service and its impact in different

service models. The study was not truly randomized but

due to the weekly rotation the group of patients and its

demand of care in the admission process the study is

supposed to be equal as is the composition of teams in

terms of human resources.

Comparing the two methods TA is far less time-con-

suming. It takes about half of the time spent on VTC at the

stroke centre and as well at the local hospital. However, the

time at the local hospital does not include the time for the

neurological examination done by the local physician. In

case of video examination the local physician could do just

a quick first look while a precise neurological examination

is done together with the stroke expert during the video

communication (and taken into account for the total time of

the consultation). TA is not only faster but also easier as

access to a telephone is available almost everywhere at

least when using mobile phones. In contrast due to data

safety and technical reasons, VTC in our study was only

possible at one defined place at each stroke centre. Thus an

on-call service is much easier with TA than with VTC.

However, technical advantages will outweigh these disad-

vantages of VTC in the future with newer technology and

high bandwith wireless connectivity. Accordingly first

Table 2 Costs for one teleconsultation in various models of service

VTC (€) TA (€) VTC/TA cost ratio

Additional costs for telemedicine within the admissions process (additional minutes

of physician and nurse, material, telephone charges)

109.55 49.70 2.2

Total costs for model A) (on-call service, 2 hospitals one centre 140/280 consults p.a.) 330.57 222.85 1.5

Total costs for model B) (full-time on-site service, 2 hospitals one centre 140/280

consultations p.a.)

1,560.80 1,490.54 1.1

Total costs for model C) (full-time on-site service, 11 hospitals one centre 2,000

consultations p.a.)

266.90 212.60 1.3

Total costs for model A) (on-call service, 2 hospitals one centre 140/280 consultations p.a.)

plus Costs of patient transfers (0.09/0.14 9 881.91 €)

410.82 354.25 1.2

Total costs for model A) (on-call service, 2 hospitals one centre 140/280 consultations p.a.)

plus costs of patient transfers and loss of reimbursement (lost reimbursement for cases

transferred 0.09/0.14 9 3,243 €)

705.93 837.46 0.8

Total costs for model C) (full-time on-site service, 11 hospitals, one centre, 2,000

consultations p.a.) plus costs of patient transfers and loss of reimbursement

642.26 827.21 0.78

Table 3 Data of cost-

effectiveness and estimated cost

utility for VTC compared to TA

a 2.21 years QALY in 5 years

life-expectancy [11] = 2.21/

5.00 = 0.44

Costs of one life saved by using

VTC instead of TA (34.5 VTC

may help saving 1 life) (€)

Costs of one life year

gained (life

expectancy

16.28 years) (€)

Costs of one QALY gained

(16.28 years 9 0.44a = 7.2 years)

(€)

Model A 3,714.18 228.14 515.86

Model B 2,422.56 148.80 336.47

Model C 1,872.26 115.00 260.04

2006 J Neurol (2014) 261:2003–2008
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reports of mobile audiovisual examination in telestroke

were already published [13]. Overall additional costs for

telemedicine service mainly depend on the type of service

provided because the main part of costs is derived from

fixed costs such as labour costs. Costs of labour certainly

differ between an on-call or on-site service.

Subsequently using TA, like in model A, is the far less

expensive method as it is easily provided on an on-call

basis with lower costs of labour and has also lower or

almost no technical costs. The decision for full-service or

on-call teleconsultation is primarily based on quality

parameters, especially the acceptable delay until a tele-

consultation can be started. If an on-site service that is

exclusively on duty for teleconsultation is mandatory as

stated in the guidelines and standards of the German Stroke

Society [14], costs of labour will certainly increase. As a

consequence a minimum size of the network is required to

provide adequate cost-efficiency. Thus the difference in

costs of TA compared to VTC decreases in a larger net-

work like model C. Subsequently the ratio of direct costs

VTC/TA declines from 2.3 in model A to 1.3 in model C.

Contrary to the advantages of TA the data of the pilot

study have already shown that teleconsultation using VTC

provides a higher level of quality [7]. Especially there was

a higher in-hospital mortality in TA compared to VTC and

a trend to a higher rate of transfer to the stroke centre after

TA, indicating that consultation by telephone was not

sufficient for a reliable assessment in more cases than when

using VTC.

When taking into account this disparencies by including

costs of transfers and the loss of reimbursement for the

local hospital in every case transferred to the stroke centre

the ratio turns over and TA becomes slightly more

expensive than VTC from the viewpoint of the spoke

hospital as it will lose patients and thus reimbursement and

moreover will have to pay for the transfer costs. Addi-

tionally, TA may produce more overall costs for the health

care system at all as stroke treatment may be more

expensive in huge stroke centres. An increase in patient

transfer was already reported to reduce cost-effectiveness

of a telestroke network [15]. However, telestroke in general

was reported to be cost-effective by providing the benefit

of improved stroke care lifelong [16].

Our Study has several limitations: the cost ratio finally

depends mainly on the frequency of transfer after tele-

consultations that remains stable. Due to a small number of

patients in each group the reliability of the data such as the

frequency of transfer is limited. Therefore, we modelled

transfer rates that will set both methods on the same costs

to provide basis for further calculation. However, the

‘‘value’’ of a patient transferred or a case lost for the

hospital depends on the regulations of reimbursement for

these cases and for the transportation fees. These

regulations are subject to constant changes that could alter

the rating of ‘‘transferring patients’’. Moreover, the moti-

vation for referring patients to the stroke centre may also be

driven by other factors, e.g. a transfer of patients with

severe stroke or unclear diagnosis to the stroke centre could

also minimize treatment costs or spare scarce intensive care

capacity at the local hospital. It should be noted that our

view is from the perspective of the spoke hospital. At the

hub a case transferred will gain proceeds. If so the network

partners could agree on discounts for cases transferred of

arrange retransfer. Finally, one should bear in mind that our

comparison is about the costs of telemedicine service only.

An effect of telemedicine in acute stroke care is proven

only when combined with a network structure including

training and quality management for all partners within the

network [2]. Our analysis does not include costs for

training or network management. However, these costs

might be equal for TA and VTC if the same level of quality

is to be achieved. Subsequently, our data are more a basis

for costs calculation in telestroke services of different type

and size. Even more calculation of cost-effectiveness is

based on estimations and data from the literature that

cannot necessarily be adopted to a telestroke setting.

To summarize, our study may suggest that when esti-

mating the economic effect of telemedicine systems par-

ticipants should take into account not only the pure costs of

the teleconsultation service. From our data smaller hospi-

tals that will participate in stroke care networks should use

audiovisual communication for remote clinical examina-

tion and image transfer to be cost-effective also on the

basis of their cost and reimbursement ratio.

Accordingly, VTC and video-based telecommunication

seems to be the preferable method for teleconsultation in

acute stroke not only in the light of higher quality of stroke

service but also from an economic perspective.
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