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Abstract 

Background 

Telemedicine is emerging as a reliable tool for examining and delivering treatment to patients 
during the acute phase of stroke but little is known about patient outcome in this setting. We 
retrospectively compared time to diagnosis and outcomes of patients assessed via a telestroke 
system (Virtuall, established in Lorrain, east France) with those treated by experienced staff in 
a stroke unit. 

Methods 

We compared time to examination and outcomes between two groups of consecutive patients 
treated with intravenous of recombinant tissue plasminogen activator (rt-PA) at the acute 
phase of ischemic stroke between 1st July 2013 and 31st June 2014. One group of patients was 
managed via the telestroke system and the second at the bedside in the stroke unit of Nancy 
Hospital. Examination and treatment decisions were performed by the same physicians in 
both groups. 

Results 

During this period 27 patients received rt-PA via the telestroke system and 70 in the stroke 
unit. Both groups were similar in terms of age (75 ± 15 vs. 74 ± 12 years, p = 0.36) and 
severity of stroke (initial National Institutes of Health Stroke Scale score at 12 ± 9 vs. 
14 ± 10, p = 0.68). There was no significant difference in onset to needle times (188 ± 64 vs. 
178 ± 60 minutes, p = 0.35), despite a longer door to needle time in the telestroke system 
group (91 ± 45 vs. 56 ± 20 minutes, p < 0.001). Outcome was similar in both groups: 
intracranial haemorrhage (19 vs. 24 %, p = 0.60); death (30 vs. 20 %, p = 0.42); and patient 
independence at 3 months (modified Rankin Scale score ≤ 1: 30 vs. 31 %, p = 1.00). 

Conclusion 

This study demonstrates that the telestroke system, Virtuall, is as safe and effective in 
initiating rt-PA treatment as bedside evaluation in an experienced stroke unit, despite a longer 
intra-hospital time. This system can be considered as one of the leading treatment of ischemic 
stroke. 
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Résumé 

Introduction 

La télémédecine est aujourd’hui de plus en plus utilisée pour évaluer et traiter les patients à la 
phase aiguë de l’accident vasculaire cérébral (AVC) ischémique, permettant ainsi l’accès à 
l’avis nécessaire d’un spécialiste dans des zones géographiques dépourvues d’unité 
neurovasculaire (UNV). Or, le devenir des patients traités par l’intermédiaire de cette 
technique reste encore peu connu, notamment en comparaison à celui des patients directement 
pris en charge au sein de l’UNV. 

Patients et Méthodes 

Nous avons comparé de façon rétrospective le devenir de deux groupes de patients, traités 
pour un AVC ischémique, par activateur du plasminogène tissulaire recombinant (rt-PA) 
intraveineux, inclus de façon consécutive entre le 1er Juillet 2013 et le 31 Juin 2014. Le 
premier groupe a été examiné et traité par l’intermédiaire d’un système de téléAVC développé 
en région Lorraine, dans le nord-est de la France, appelé « Virtuall », et le second directement 
au sein de l’UNV expérimentée du Centre Hospitalier Universitaire de Nancy. Les expertises 
et les décisions de traitement ont été réalisées par les mêmes praticiens neurologues et 
radiologues. 

Résultats 

Durant cette période 27 patients ont été traités par rt-PA via le téléAVC et 70 directement au 
sein de l’UNV. Les deux groupes, téléAVC et UNV, ont les mêmes caractéristiques cliniques 
d’âge (75 ± 15 vs. 74 ± 12 ans, p = 0.36) et de sévérité (score initial National Institutes of 
Health Stroke Scales à 12 ± 9 vs. 14 ± 10, p = 0.68). Les délais séparant la survenue de l’AVC 
et l’instauration du traitement ne sont pas significativement différents (188 ± 64 vs. 
178 ± 60 minutes, p = 0.35), malgré un délai entre l’admission et le traitement plus élevé dans 
le groupe évalué par télémédecine (91 ± 45 vs. 56 ± 20 minutes, p < 0.001). Le devenir des 
patients est similaire avec des pourcentages d’hémorragies cérébrales (19 vs. 24 %, p = 0.60), 
de décès (30 vs. 20 %, p = 0.42) et de patients autonomes à 3 mois (score modifié de 
Rankin ≤ 1, 30 vs. 31 %, p = 1.00) comparables entre les deux groupes. 

Conclusion 

La force de notre étude est de comparer le devenir de deux groupes de patients, atteints 
d’AVC ischémiques traités par rt-PA, dont les caractéristiques cliniques sont comparables et 
dont l’évaluation par téléAVC ou au sein de l’UNV a été réalisée par les mêmes experts. Nos 
résultats démontrent que notre système de télémédecine, Virtuall, est un moyen aussi sûr et 
efficace d’examen et de prise de décision de traitement dans ce contexte que l’évaluation 
directe au sein d’une UNV, en gardant à l’esprit un temps intra-hospitalier accru. Ainsi, le 
téléAVC doit être considéré comme l’un des traitements majeurs de l’ischémie cérébrale. 
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Introduction 

Ischemic stroke remains one of the leading causes of death and is the first cause of acquired 
adult disability [1]. The cornerstone treatment with a proven effect on outcome is 
thrombolytic therapy [2] and management in a dedicated and specialised hospital stroke unit 
[3]. However, not all hospital centres have the means to establish a stroke unit as they require 
a high healthcare professional staffing ratio including neurologists and considerable technical 
equipment. The effectiveness of thrombolytic therapy by intravenous recombinant tissue 
plasminogen activator (rt-PA) is dependent on the time elapsed before treatment initiation: a 
therapeutic window of less than 4.5 hours after stroke onset has been shown to significantly 
improve clinical outcomes with a decrease in benefit over time and higher rate of 
haemorrhagic transformation [4]. Patients living in rural and depopulated areas far from 
stroke units are thus disadvantaged as they may have to travel a considerable distance before 
receiving intravenous rt-PA or, even worse, could be excluded from receiving rt-PA if they 
arrive at the unit too long after stoke onset. This problem is all the more critical as patients in 
rural areas are typically elderly and present more serious strokes [5]. In this setting, 
telemedicine constitutes a solution to improving access to expertise and treatment by 
expanding the reach of specialists to persons beyond their own geographic location and 
shortening time to treatment initiation [6-8]. For this reason, “telestroke” systems – based on 
clinical evaluation and analysis of cerebral imaging by an expert centre via 
telecommunication with the patient admitted to the nearest local hospital – have been 
developed in some areas of France, such as the Meuse, a rural district located at more than 
one hour from a stroke unit. An observational study about telestroke in this area describing 
demographic data, times to treatment and patient outcomes has already shown similar results 
to those found in the literature [5]. In this paper we compare the results of rt-PA treatment in 
patients with ischemic stroke managed through this system to those obtained in patients 
managed at the bedside in the expert centre of the stroke unit of Nancy. 
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Materials and Methods 

Description of the telestroke 

Meuse is a rural area in the East of France with a population of around 200,000. The two 
community hospitals, Bar-le-Duc and Verdun, have a capacity of 450 beds each. Neither have 
a stroke unit and each admits an average of 250 patients with stroke per year. The stroke unit 
of Nancy has 32 beds, with five neurologists, and admits an average of 1000 patients at the 
acute phase of stroke per year, 100 of whom are treated with rt-PA. The centre is directly 
linked to a department of Neuroradiology with five radiologists specialized in stroke imaging 
analysis and endovascular thrombectomy. Since July 2013, a rural telestroke "hub and spoke", 
available 24 hours per day and 7 days per week (24/7), has been running between the stroke 
unit of Nancy University Hospital (hub) and Bar-le-Duc and Verdun Hospitals (spokes) which 
have consequently become “rt-PA capable” centres for patients with ischemic strokes (Fig. 1). 

 

Fig. 1: Map of hub (i.e. Nancy) and spokes (i.e., Bar-le-Duc and Verdun) sites using the Virtuall system of 
telemedicine. 

This telestroke unit is part of Virtuall, a system of telemedicine to treat patients at the acute 
phase of stroke established in the area of Lorrain, East of France. The two local hospitals are 
equipped with a video camera (AXIS P5534 Network Camera®), microphone (Octopus 
MT454 Audio Mixer®) in an emergency room where suspected stroke patients are admitted, 
and are linked to the hub via a telemedicine secured software (CovotemTM edited by Covalia) 
and internet connexion (2 megabits per second minimum). Access to cerebral magnetic 
resonance imaging (MRI), and a computed tomography (CT) scan is ensured with a 
teleradiology system (T-Lor®, edited by Global Imaging Online). The medical and 
paramedical teams of the local hospitals have been trained to manage patients with stroke and 
initiate rt-PA treatment once the indication is confirmed by the expert centre. The hub 
comprises five neurologists and five radiologists, specialised in the treatment of stroke, who 
are responsible for examining every patient admitted to the stroke unit at the bedside and all 
the patients in the spokes via the telestroke, and decide whether to start thrombolytic 
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treatment. The expertise provided via telestroke is divided into various steps: informing the 
patient or their next of kin about telestroke and obtaining consent; videoconferencing with a 
description of the medical history; examining the patient and determining the National 
Institutes of Health Stroke Scale (NIHSS) score and vital parameters; analysing cerebral 
imaging; reading laboratory results; and making a diagnosis with treatment decision. 
Intravenous rt-PA is initiated in the spoke, before transferring the patient as soon as possible 
to the stroke unit by medical air transport if possible. The patients seen at the stroke unit are 
admitted straight into the Neuroradiology department and undergo an initial examination by a 
neurologist lasting approximately 15 minutes, before cerebral imaging, and admission in the 
stroke unit where intravenous rt-PA is administered if indicated. 

 

Patients 

We retrospectively reviewed all consecutive cases of patients with ischemic stroke who had 
been treated with intravenous rt-PA in the local hospitals of Bar-le-Duc and Verdun via 
telestroke and those treated at the bedside in the stroke unit of Nancy Hospital between 
1st July 2013 and 31st June 2014. Patients with additional reperfusion therapies were excluded. 
Data of both patient groups were compared. This was a retrospective observational study 
without any intervention on human being. Data processing was carried out in compliance with 
French Information Technology and Privacy Law (C.N.I.L.).  

 

Data collection 

Patients’ demographic characteristics, baseline NIHSS, door to videoconferencing time, door 
to brain imaging time, onset/door to needle times, initial and follow-up brain imaging 
(intracranial haemorrhage (ICH) was considered as symptomatic when it led to an NIHSS 
score increase of at least 4 points), length of hospital stay, and outcome (NIHSS score at 24 
hours, modified Rankin Scale score (mRS) at 3 months) were collected. Time to admission in 
the emergency department, time of the first connection for videoconferencing, time of the first 
cerebral imaging performed and time of initiation of intravenous rt-PA were estimated for the 
spokes. For the Nancy Hospital stroke unit, time of admission was calculated by adding 
15 minutes to the time of the first cerebral imaging performed (allowing for the average time 
taken for the initial clinical examination). 

  

Statistical analysis 

A statistical comparison was performed between the telestroke patient group and the bedside 
group. Statistical analyses were performed using SPSS version 20.0 (SPSS, Inc, an IBM 
Company, Chicago, Illinois). All data were examined for normality using Shapiro-Wilk’s 
tests. A Student’s t-test was conducted to compare baseline NIHSS scores. Because of the 
non-normal distribution of all other samples, non-parametric Mann-Whitney U tests were 
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performed to test for any significant difference in age, time to expertise, treatment and 
hospitalization, and NIHSS scores. Chi-square tests were used to compare categorical 
variables (i.e., patients ≥ 80 years, male, NIHSS score ≥ 20, ICH, symptomatic ICH, outcome 
mRS ≤ 1, death at 3 months and early outcome after stroke). The level of significance was set 
at p < 0.05. Missing data were corrected using multiple imputation approach [9]. 
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Results 

During this period 97 patients with a mean age of 74 years (39-99 years) were included. One 
hundred and ten patients with a suspicion of acute stroke were evaluated by telemedicine in 
the spoke sites. MRI was used in 81 cases and CT scan in 28. Seventy-nine patients presented 
ischemic strokes. Other cases included: eight with ICH; two with migraine with aura; seven 
with epilepsy; three with alcohol abuse; one each with hypoglycemia, meningioma, and 
encephalitis; and eight with other “stroke mimics”. Of the 79 patients with ischemic stroke, 27 
were treated with IV rt-PA. In the hub site, 70 patients received IV rt-PA during the same 
period. The detailed results of patients’ baseline characteristics and times are given in Table 1. 

Table 1. Patient characteristics and time lapses. 

 

All patients 
 
 

 
n = 97 

Patients 
treated by 

telemedicine  
 

n = 27 

Patients 
treated at 
bedside  

 
n = 70 

p-value 

Ischemic stroke, n (%) 97 (100 %) 27 (28 %) 70 (72 %)  

Mean age ± SD (range), years  74 ± 13.0 
(39-99) 

75 ± 15 
(39-92) 

74 ± 12 
(40-99) p = 0.36a 

Age ≥ 80 years, n (%) 39 (40 %) 15 (56 %) 24 (34 %) p = 0.07b 

Male, n (%) 49 (50 %) 11 (41 %) 38 (54 %) p = 0.26b 

Median baseline NIHSS score ± IQR (range) 14 ± 9 
(1-26) 

12 ± 9 
(1-26) 

14 ± 10 
(2-25) p = 0.68c 

Baseline NIHSS score ≥ 20, n (%) 18 (19 %) 5 (19 %) 13 (19 %) p = 1.00b 

Mean door to videoconference time ± SD, min   14 ± 11   

Mean onset to videoconference time ± SD, min   112 ± 56   

Mean door to brain imaging time ± SD, min   40 ± 18 15 
(estimated)  

Mean onset to brain imaging time ± SD, min  138 ± 57 138 ± 53 137 ± 59 p = 0.71a 

Mean door to needle time ± SD, min  66 ± 33 91 ± 45 56 ± 20 p < 0.001a 

Mean onset to needle time ± SD, min  181 ± 61 188 ± 64 178 ± 60 p = 0.35a 

Mean brain imaging to needle time ± SD, min 43 ± 28 49 ± 42 41 ± 20 p = 0.67a 

 
Results are presented as occurrence (%), mean ± standard deviation (SD) or median ± interquartile range (IQR). 
min: minutes, NIHSS: National Institutes of Health Stroke Scales. 
a: Mann-Whitney U tests, b: Chi-squared tests, c: t-tests. 

Statistical analyses revealed no significant difference in age, gender, and number of 
patients ≥ 80 years between patients treated by telestroke and those treated at bedside 
(p > 0.05 for all). Median NIHSS scores at admission in the spokes (12 ± 9) and in the hub 
(14 ± 10) were similar (p = 0.68). In the telestroke group, the mean time between stroke onset 
and videoconferencing was 112 ± 56 minutes. The mean time between onset and brain 
imaging was 138 ± 53 minutes which was the same as that observed in the hub 
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(137 ± 59 minutes, p = 0.71). In the spokes, the mean door to videoconferencing time was 
14 ± 11 minutes and the mean door to brain imaging time was 40 ± 18 minutes. Door to 
needle time was longer in the group treated by telemedicine (91 ± 45 vs. 56 ± 20 minutes, 
p < 0.001) but with an equivalent mean onset to needle time (188 ± 64 vs. 178 ± 60 minutes, 
p = 0.35). Data about outcome are presented in Table 2. The rate of haemorrhagic 
transformation was not statistically different between the two groups for ICH overall (19 % in 
the telestroke group vs. 24 % in the bedside group, p = 0.60) and for symptomatic ICH (4 vs. 
7 %, p = 0.67). Outcome was similar in both groups with equivalent NIHSS scores at 
24 hours, percentage of patients with mRs score ≤ 1 at 3 months (30 vs. 31 %) and death (30 
vs. 20 %, all p > 0.05). The length of hospital stay was greater in the telestroke group 
(p < 0.05) but with the same rate of discharge at home and in rehabilitation (all p > 0.05). We 
observed 4.2 % of missing data. 

Table 2. Patient outcomes. 

 All patients 
 
 

 
n = 97 

Patients 
treated by 

telemedicine  
 

n = 27 

Patients 
treated at 
bedside 

 
n = 70 

p-value 

Intracranial haemorrhage, n (%) 22 (23 %) 5 (19 %) 17 (24 %) p = 0.60a 

Symptomatic intracranial haemorrhage, n (%) 6 (6 %) 1 (4 %) 5 (7 %) p = 0.67a 

Median hospital length of stay ± IQR, days 10 ± 14 15 ± 14 9 ± 11 p = 0.03b 

Median 24-hours NIHSS score ± IQR 8 ± 14 10 ± 17 8 ± 12 p = 0.75b 

Patients with 3-month mRS score ≤ 1, n (%) 30 (31 %) 8 (30 %) 22 (31 %) p = 1.00a 

 Deceased patient at 3 months, n (%) 22 (23 %) 8 (30 %) 14 (20 %) p = 0.42a 

Early outcome 
after stroke 

Home, n (%) 37 (38 %) 11 (41 %) 26 (37 %) p = 0.82a 

Rehabilitation unit, n (%) 39 (40 %) 9 (33 %) 30 (43 %)  p = 0.49a 

Death, n (%) 21 (22 %) 7 (26 %) 14 (20 %) p = 0.59a 

 
Results are presented as occurrence (%), or median ± interquartile range (IQR). mRS: modified Rankin Scale, 
NIHSS: National Institutes of Health Stroke Scales. 
a: Chi-squared tests, b: Mann-Whitney U tests. 
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Discussion 

This study of the effectiveness of stroke care in rural and urban hospitals via telemedicine, 
showed that patients treated with rt-PA at the acute phase of stroke via a telestroke system had 
similar outcomes to patients treated at bedside in a highly experienced stroke unit. 

The advantage of telemedicine to treat patients at the acute phase of stroke is based on a gain 
of time [10, 11]. Reducing time to treatment is all the more important for thrombolytic 
therapy where the rule is “time is brain”: the success of the treatment depends on initiation 
within a restricted therapeutic window. However, our study shows that intra-hospital times 
(door to needle) is longer in local hospitals using telestroke than in the stroke unit [12]. This 
could be explained by the time it takes to set up the videoconferencing between the spokes 
and the hub and a longer medical examination than in the stroke unit. But in the end, the 
overall time (onset to needle time) is similar for both methods of examination and decision 
making [12,13]. This explains the comparable outcome in both groups with similar baseline 
characteristics, and confirms that the gain of time due to telemedicine is in the pre-hospital 
phase, but at the expense of a loss of time during the intra-hospital phase. This balance has to 
be taken in account in the geographic selection of potential “rt-Pa capable” centres via 
telemedicine.  Our study would suggest that implementation of telestroke in an area located at 
less than 30 minutes from a stroke unit would not help to save time. Moreover, actions to 
reduce intra-hospital times in the spokes are crucial. 

In our telestroke model, the medical and paramedical teams were specifically trained to 
manage patients at the acute phase of stroke by means of a workshop combining conceptual 
presentations and medical simulation training. This training results not only in a gain of time 
but also means that the hub team obtain the most accurate information about the patients from 
the spokes staff. Procedures defining patient management were established in the spokes to 
facilitate access to videoconferencing, imaging and treatment. Finally, we decided to ensure 
that the telestroke system was manned by a group of neurologists and radiologists specialised 
in the treatment of cerebrovascular diseases with a specific 24/7 on-call medical service. The 
goal is to ensure that spokes receive the most accurate advice from the hub with a view to 
accelerating the decision-making process. 

Although this work presents the usual limitations of a retrospective study, the crucial time 
lapses (door to needle, onset to treatment, etc.) were estimated from dating software used in 
the emergency and neuroradiology departments. Moreover, the two groups of patients had the 
same baseline characteristics in terms of age and severity of stroke and expertise was 
performed by the same physicians (specialised neurologists and radiologists). The study thus 
emphasises that expertise and decision making at the acute phase of stroke is as effective via 
telestroke as at the bedside. Another benefit from telestroke, which is not specifically 
described in our study, is an increase in patient admission to the stroke unit whatever their 
age, type of stroke and treatment. This is the result of the direct contact between the stroke 
unit’s neurologist, the patient and the physician in the local hospitals with establishment of a 
new sustainable cooperation. Perspectives of telestroke should take account the recent results 
of endovascular treatment with mechanical thrombectomy added to intravenous thrombolysis, 
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which is the best therapeutic option for patients with occlusion of intracranial vessels of large 
diameter [14,15]. The treatment requires a high level of human and material resources which 
is not currently available in many stroke units. This implies that “rt-Pa capable” centres have 
to detect patients with potential indication of endovascular treatment as soon as possible so as 
to organize rapid transfer via the fastest means of transport. However, the development of 
telemedicine in rural areas is not only conditioned by technical aspects. The costs linked to 
expertise and treatment can lead to administrative barriers in the spokes as we experiment a 
financial model to equilibrate the imbalance between spokes and hubs [16]. 
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Conclusion 

The study of our model of telestroke provides strong evidence of the efficiency and safety of 
rt-PA treatment at the acute phase of stroke via telemedicine. However, it reveals that 
particular attention must be paid to intra-hospital times that could be higher in comparison 
with management in stroke units. This is all the more crucial as some patients have to be 
transferred as quickly as possible, not only for admission in a stroke unit but also for 
complementary endovascular treatment. Education of medical staff in the spoke hospitals, and 
access to specialised and trained physicians in the hub represent a sign of quality, which 
reinforce the benefits of telestroke. We believe that this system is the most reliable tool for 
examining patients far from stroke units at the acute phase of stroke and must be considered 
as one of the leading treatments of acute cerebral ischemia. 



27 
 

Conflict of interest 

None 

 

 

Acknowledgments 

This work was supported by the Association Nationale de Télémédecine (ANTEL). We would 
like to thank all the medical and paramedical staff of the local hospitals of Bar-le-Duc, 
Verdun, the stroke unit of the University Hospital of Nancy, and Claude Varoqui, Jean-
Michel Kleffert and Hind Hani from the Centre Universitaire d’Enseignement et de 
Simulation Médicale (CUESIM), Faculté de Médecine de Nancy. This paper was language 
reviewed by Felicity Neilson from Matrix Consultants. 



28 
 

Bibliographie 

1→Heuschmann PU, Wiedmann S, Wellwood I, Rudd A, Di Carlo A, Bejot Y, et al. Three-
month stroke outcome: the European Registers of Stroke (EROS) investigators. Neurology 
2011;76:159‑65. DOI:10.1212/WNL.0b013e318206ca1e. 

2→Tissue plasminogen activator for acute ischemic stroke. The National Institute of 
Neurological Disorders and Stroke rt-PA Stroke Study Group (NINDS). N Engl J Med 
1995;333:1581-7.  

3→How do stroke units improve patient outcomes? A collaborative systematic review of the 
randomized trials. Stroke Unit Trialists Collaboration. Stroke 1997;28:2139-44.  

4→Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D, et al. Thrombolysis 
with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med 2008;359:1317-29. 
DOI:10.1056/NEJMoa0804656. 

5→Richard S, Lavandier K, Zioueche Y, Pelletier S, Vezain A, Ducrocq X. Use of 
telemedicine to manage severe ischaemic strokes in a rural area with an elderly population. 
Neurol Sci 2014;35:683-5. DOI:10.1007/s10072-013-1577-4. 

6→Jauch EC, Saver JL, Adams HP, Bruno A, Connors JJB, Demaerschalk BM, et al. 
Guidelines for the early management of patients with acute ischemic stroke: a guideline for 
healthcare professionals from the American Heart Association/American Stroke Association. 
Stroke 2013;44:870‑947. DOI: 10.1161/STR.0b013e318284056a. 

7→De Bustos EM, Vuillier F, Chavot D, Moulin T. Telemedicine in stroke: organizing a 
network--rationale and baseline principles. Cerebrovasc Dis 2009;27 Suppl 4:1‑8. 
DOI:10.1159/000213052. 

8→Zhai Y-K, Zhu W-J, Hou H-L, Sun D-X, Zhao J. Efficacy of telemedicine for 
thrombolytic therapy in acute ischemic stroke: a meta-analysis. J Telemed Telecare 
2015;21:123‑30. DOI:10.1177/1357633X15571357. 

9→Biering K, Hjollund NH, Frydenberg M. Using multiple implementation to deal with 
missing data and attrition in longitudinal studies with repeated measures of patient-reported 
outcomes. Clin Epidemiol 2015;16:91-106. DOI:10.2147/CLEP.S72247. 

10→Pedragosa A, Alvarez-Sabin J, Molina CA, Sanclemente C, Martín MC, Alonso F, et al. 
Impact of a telemedicine system on acute stroke care in a community hospital. J Telemed 
Telecare 2009;15:260‑3. DOI:10.1258/jtt.2009.090102. 

11→Wu T-C, Lyerly MJ, Albright KC, Ward E, Hassler A, Messier J, et al. Impact of 
Telemedicine on Access to Acute Stroke Care in the State of Texas. Ann Clin Transl Neurol 
2014;1:27‑33. 



29 
 

12→Zaidi SF, Jumma MA, Urra XN, Hammer M, Massaro L, Reddy V, et al. Telestroke-
guided intravenous tissue-type plasminogen activator treatment achieves a similar clinical 
outcome as thrombolysis at a compréhensive stroke center. Stroke 2011;42:3291-3. 
DOI:10.1161/STROKEAHA.111.625046. 

13→Switzer JA, Hall C, Gross H, Waller J, Nichols FT, Wang S, et al. A web-based 
telestroke system facilitates rapid treatment of acute ischemic stroke patients in rural 
emergency departments. J Emerg Med 2009;36:12-8. DOI:10.1016/j.jemermed.2007.06.041.  

14→Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, et al. A 
randomized trial of intraarterial treatment for acute ischemic stroke. N Engl J Med 
2015;372:11-20. DOI:10.1056/NEJMoa1411587. 

15→Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. 
Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J Med 
2015;372:1009-18. DOI:10.1056/NEJMoa1414792. 

16→Handschu R, Scibor M, Nückel M, Asshoff D, Willaczek B, Erbguth F, et al. 
Teleneurology in stroke management: costs of service in different organizational models. J 
Neurol 2014;261:2003‑8. DOI:10.1007/s00415-014-7450-4. 

  



30 
 

 
 
 
 
 
 
 
VU 
 

NANCY, le 19 mai 2015 NANCY, le 20 mai 2015 
Le Président de Thèse  Le Doyen de la Faculté de Médecine 

 
 
 
Professeur X. DUCROCQ 

 
 
Professeur M. BRAUN 
 

 
 
 
 
 
 
 
 
 
 

AUTORISE À SOUTENIR ET À IMPRIMER LA THÈSE/6709 
 

NANCY, le 2 juin 2015 
 

LE PRÉSIDENT DE L’UNIVERSITÉ DE LORRAINE, 
Par délégation le Vice-Président 

 
 
 

Martial DELIGNON 
 
 



 
 

RÉSUMÉ DE LA THÈSE 

La télémédecine est aujourd’hui de plus en plus utilisée pour évaluer et traiter les patients à la phase 
aiguë de l’accident vasculaire cérébral (AVC) ischémique, permettant ainsi l’accès à l’avis nécessaire 
d’un spécialiste dans des zones géographiques dépourvues d’unité neurovasculaire (UNV). Or, le 
devenir des patients traités par l’intermédiaire de cette technique reste encore peu connu, notamment 
en comparaison à celui des patients directement pris en charge au sein de l’UNV. 

Nous avons comparé de façon rétrospective le devenir de deux groupes de patients, traités pour un 
AVC ischémique, par activateur du plasminogène tissulaire recombinant (rt-PA) intraveineux, inclus 
de façon consécutive entre le 1er Juillet 2013 et le 31 Juin 2014. Le premier groupe a été examiné et 
traité par l’intermédiaire d’un système de téléAVC développé en région Lorraine, dans le nord-est de 
la France, appelé « Virtuall », et le second directement au sein de l’UNV expérimentée du Centre 
Hospitalier Universitaire de Nancy. Les expertises et les décisions de traitement ont été réalisées par 
les mêmes praticiens neurologues et radiologues. 

Durant cette période 27 patients ont été traités par rt-PA via le téléAVC et 70 directement au sein de 
l’UNV. Les deux groupes, téléAVC et UNV, ont les mêmes caractéristiques cliniques d’âge et de 
sévérité. Les délais séparant la survenue de l’AVC et l’instauration du traitement ne sont pas 
significativement différents malgré un délai entre l’admission et le traitement plus élevé dans le 
groupe évalué par télémédecine. Le devenir des patients est similaire avec des pourcentages 
d’hémorragies cérébrales, de décès et de patients autonomes à 3 mois (score modifié de Rankin ≤ 1) 
comparables entre les deux groupes. 

La force de notre étude est de comparer le devenir de deux groupes de patients, atteints d’AVC 
ischémiques traités par rt-PA, dont les caractéristiques cliniques sont comparables et dont l’évaluation 
par téléAVC ou au sein de l’UNV a été réalisée par les mêmes experts. Nos résultats démontrent que 
notre système de télémédecine, Virtuall, est un moyen aussi sûr et efficace d’examen et de prise de 
décision de traitement dans ce contexte que l’évaluation directe au sein d’une UNV, en gardant à 
l’esprit un temps intra-hospitalier accru. Ainsi, le téléAVC doit être considéré comme l’un des 
traitements majeurs de l’ischémie cérébrale. 
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