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Abstract 
 
Background: The increasing prevalence of neurological disorders necessitates the exploration of new 
technological solutions to enhance healthcare. This study aims to examine the impact of the Mobile Stroke Unit 
on therapy duration and assess the influence of teleradiology on the treatment and diagnosis of neurological 
diseases. 
Material and methods: To gather articles for this review, we searched medical databases and employed MeSH 
terms in Feb. 2020. We employed the Rayyan system, a tool dedicated to conducting author-independent 
systematic reviews. We included articles that met the following criteria: English abstract related to teleradiology 
and neurology in human subjects. Ultimately, 41 articles were included (2 case reports, 15 case series, 2 
comparative studies, 14 evaluation studies, 4 multicentre studies, 3 randomised studies, and 3 observational 
studies). We analysed the time from alarm to CT and from alarm to the therapeutic decision in 12 articles focused 
on the Mobile Stroke Unit. 
Results: A reduction in both times was observed compared to traditional treatment. Most articles in our review 
examined the telestroke system. Additionally, the use of telemedical tools was found to contribute to positive 
long-term prognosis in therapeutic processes. 
Conclusion: The main conclusion of this study is that the increase in funding the newest teleradiology tools seems 
sensible. Moreover, it can unburden the health care system and reduce costs. 
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1. Introduction 

Teleradiology is a branch of radiology that allows remote transmission and review of diagnostic 
radiological images to examine patients when the radiologist is not present at the unit. Historically 
teleradiology was developed when the demand for descriptions of new and urgent radiological examinations 
increased [1]. There is no doubt about the benefits of this solution, especially when a radiologist is not 
physically available in the medical facility [2]. The European Radiological Society, together with the American 
College of Radiology (ACR), have published white papers on teleradiology practices, identifying advantages and 
disadvantages, and identifying best practices [3, 4, 5]. ACR indicates that equipment used in teleradiology must 
be approved by the Food and Drug Administration (FDA). 
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Globally ageing society causes the increase of frequency of neurological disorders [6]. Acute ischaemic 
stroke (AIS) is the fourth most common cause of mortality in the United States (USA) and the leading cause of 
disability. The limited access to the specialists of neurology in plenty of countries is a worldwide phenomenon. 
Medical doctors often find employment in metropolitan clinical hospitals, which leads to the aforementioned 
lack of access to such high-qualified medical care for the people living out-of-town [7]. Research showed that 
in India equivalent neurological disorders among countryside-living patients with limited access to the high-
qualified multi-specialized medical centres reached higher level mortality caused by a stroke and that between 
6 and 8 million people are ill with epilepsy [8]. It seems the further development of telemedicine will have a 
crucial impact on reducing morbidity in the era of deficit of specialists in this domain. The particular branch of 
telemedicine is teleradiology because it finds usage in many fields of medicine. It is used successfully in 
orthopaedics [9]. Paryavi et al. in their research demonstrated the diagnoses of children's traumas in a cubital 
joint were based on the telemedical system, these being made via analysing sent images taken by the iPhone, 
and these were equally reliable compared to those being made in a standard way. The surgeons use the 
achievements of teleradiology very willingly as well [10]. The team of Japanese and German scientists and 
surgeons was able to use a telemedical system for mid operational visualisation without the necessity of leaving 
the operating theatre or a need for external help in reference to imaging data. Steerage via imaging data with 
sterile gloves and the touchable screen was much more comfortable, more accurate and faster beside the other 
modalities [11]. 

There is no doubt that as every resilient-progressing domain of science, teleradiology needs continuous 
improvement to eliminate the mistakes [12]. The main aim of this research is to verify the importance of 
teleradiology in the diagnostic process of neurological diseases and explore its impact on healing processes and 
to explore which teleradiology service is being used most commonly nowadays. 

2. Materials and Methods 

Towards the accurate examination of the presented issue, in this paper, we held a systematic review of 
scientific literature on teleradiology and neurology in Feb. 2020. To this review, we qualified publications that 
fulfilled these conditions: the article has to be about teleradiology and neurology, it has an abstract, it is related 
to humans, the article has to be published after 2000.01.01 and has to be free of charge. We excluded from 
review articles that didn't meet the above conditions, weren't written in English, duplicates and were 
inadequate for this research (Supplement 1). The process of collecting, including and excluding data, was 
summarised into the flow diagram (Figure 1). 

 

 
Figure 1. Flow diagram 
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2.1. Sources of information and searching process 

Assortment and search of scientific papers to this review were conducted correspondingly with PRISMA 
guidelines [13]. Due to common access, we decided to use PubMed and Scopus platforms. To avoid mutual 
impact on each other's decisions which article includes or excludes, every author of this paper chose them 
independently. We also decided to use Rayyan Qatar Computing Research Institute (QCRI) [14], an intuitive 
tool dedicated to creating scientific reviews. The scope includes publications collected from Jan. 2000 to Jan. 
2020. The following comprehensive combinations of MeSH entries that cover the subject of teleradiology and 
neurology were used to search for articles on PubMed: (Supplement 2), while on Scopus we used the terms 
"teleradiology AND neurology". 

2.2. Process of gathering and selecting data 

The first search in the PubMed database using the MeSH terms resulted in 118050 results. In the Scopus 
database, we have obtained 30 results. Then, we used filters like people only, time limits, full text or abstract. 
As a result, 215 results were obtained from PubMed. On Scopus 4 articles were excluded due to the lack of 
abstracts. After extracting articles to the Rayyan QCRI website, 10 duplicates were removed, and 231 articles 
were received. Then, an analysis was performed, based on which 190 articles were excluded, resulting in 41 
articles being qualified for this systematic review. Each of them was analysed in terms of usefulness in the 
study. It was found that all articles met the criteria. Then we read whole articles and put the most significant 
data to the tables. All of the 190 excluded publications (Supplement 1) did not meet the assumptions of the 
study (e.g. lack of data in the article for analysis, work not related to the purpose of the review, paid access). 

2.3. Risk of bias assessment 

All articles were assessed for risk of bias according to the Cochrane Handbook guidelines for randomized 
and non-randomized controlled trials [71] by two independent reviewers. All discrepancies were resolved by 
consensus. The Cochrane risk assessment tool for bias includes the evaluation of selection bias, performance 
bias, detection bias, attrition bias, and reporting bias for randomized controlled trials. These were assessed 
using the options 'low risk,' 'high risk,' 'unclear risk' and 'not applicable'. 

3. Results 

All qualified publications are contained in table (Supplement 3). They were divided into separate types of 
articles: case reports, case series, comparative studies, evaluation studies, multicentre studies, randomised 
studies, observational studies. 

3.1. Case studies 

The only case study included in this review is related to a 74 years old woman with a head injury. After CT 
performed by MSU (Mobile Stroke Unit), doctors eliminated the probability of hemorrhagic stroke and skull 
fracture [15]. 

3.2. Case series 

Spokoyny et al. in their aggregate analyse of compliance of radiological contraindications between 
vascular radiologist and Spoke Radiologist (thrombolysis in 261 cases) call it wonderful (95,4%, κ = 0,74, 95% CI 
0,59–0,88) [16]. Puetz et al. in their research showed that doctors misdiagnosed patients via the Stroke Eastern 
Saxony Network (SOS-NET). Of 582 patients, complete imaging data were available for 536 patients (351 
cerebral ischemic events, 105 primary intracranial haemorrhages, and 80 stroke mimics). The neuroradiologists 
detected discrepant CT findings in 43 patients (8.0%) that were rated as clinically relevant in 9 patients (1.7%). 
The interobserver agreement on ASPECTS between stroke neurologists and expert readers was substantial (κ 
(w) = 0.62; 95% confidence interval 0.54-0.71) [17]. Zerna et al. also indicated variances between radiological 
experts and neurologists in diagnosing 97 of 432 patients (22,5%), with underestimation (n = 48, 11,1%) and 
overestimation (n = 49, 11,3%) EIC grade [18]. 

Hov et al. described the usage of MSU in remote diagnosis of subarachnoid haemorrhage in Norwegian 
cottages spaced about 45-160 km from the neurosurgical ward. He emphasised the fact of saving 2-2,5h on 
diagnosis and neurosurgical intervention [19]. Grunwald et al. indicated significant shortening time which 
lasted from first symptoms to CT scan (93 min, IQR 62-181 min). It was based on 15 case studies, and this lasted 
from first symptoms to thrombectomy (median=85 min) [20]. 

Kostopoulos et al. indicated the choice made by a prehospital diagnosing process with MSU as an asset 
[21].  
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3.3. Assessment of the impact of using MSU on diagnosis and treatment 

MSTU (Mobile Stroke Treatment Unit) is an advanced medical unit in the form of a specialized ambulance 
equipped with a portable CT scanner and tools enabling immediate diagnosis and treatment of stroke [43]. 
MSTU operates on-site, allowing for initial diagnostic tests, such as CT scanning, administering of contrast 
medium and other appropriate medications before the patient is transported to the hospital [43]. Teleradiology 
(image transmission) and telemedicine (real-time video conferencing) are integral parts of the MSU concept 
[44]. In order to use the potential of MSU most effectively, these units must be available to suspected stroke 
patients. For this reason, an appropriate stroke questionnaire is needed, which will probably confirm or exclude 
the existence of a stroke. As shown (Supplement 4), the MSU may reduce the time it takes to help below the 
"golden hour". This term comes from the surgeon R. Adams Cowley, who noticed that the earlier the patient 
receives help - especially within the first hour of injury - the higher are chances for the patient to survive. The 
PHANTOM-S study confirmed this conclusion [45], as well as the MSU Houston program, which showed a 
reduction in the time it took to help stroke patients [46]. Such short times from the alarm to the decision on 
the implemented treatment may contribute to better clinical results, but they are not known due to the small 
number of patients participating in the studies. Some studies, however, show the relationship between positive 
results of patients who received help in the appropriate time frame [47, 48]. The control group for these 
comparisons typically consisted of patients treated in standard emergency settings, without access to mobile 
CT scanning or remote neurologist consultations, highlighting the contrast in treatment outcomes between 
MSU-based and conventional care. 

3.4. Comparative study 

Taqui et al. in their comparative study compared a group of 100 patients treated with MSU to these 
treated in ED (emergency department). There was a significant reduction of median alarm-to-CT scan 
completion times (33 minutes MSTU (mobile stroke treatment unit) vs. 56 minutes controls, p < 0.0001), 
median alarm-to-thrombolysis times (55.5 minutes MSTU vs 94 minutes controls, p < 0.0001), median door-to-
thrombolysis times (31.5 minutes MSTU vs 58 minutes controls, p = 0.0012), and symptom-onset-to-
thrombolysis times (97 minutes MSTU vs 122.5 minutes controls, p = 0.0485) [22]. Fong et al. proved 
thrombolysis guided via telemedicine in comparison to the traditional one gives similar results. In total, 152 
patients were treated with IV thrombolysis; 102 patients were treated with neurologist on-site; whereas 50 
patients were treated by internists with telestroke. Fifty-two percent of the telemedical group achieved 
excellent outcomes compared to 43% of the neurologist on-site group (P = 0.30). Symptomatic intracranial 
hemorrhage rate (4.0% versus 4.9%, P = 1.0) and mortality (8.3% versus 11.9%, P = 0.49) were comparable [23]. 
Mikulik et al. proved that time and quality of Transcranial Doppler (TCD) and carotid duplex (CD) examinations 
made in-person by specialists compared to examinations conducted by inexperienced medical care worker via 
telemedicine were similar. Respectively medians of time which lasted examination in person and via 
telemedicine totalled 15 (range from 10 to 35) vs. 30 (15 to 50) for CD (P = 0,07) and 18 (15 to 30) vs. 45 (30 to 
55) for TCD (P = 0,002) [24]. 

3.5. Evaluation study 

Mainali et al. proved that training of nurses and simultaneous acting in telestroke system shortened time 
from diagnosis to treatment (38,9 minutes in comparison to 24,4 minutes via using telestroke; P <0,04) [25]. 
Wu et al. declared that compliance of making a diagnosis for 174 patients via telemedicine and via ordinary 
neurological examination intramurally totalled 88% (κ = 0,73) [26]. Alotaibi et al. created a mobile application 
that connected every single stroke team member. Due to this, they shortened time from diagnosis to treatment 
significantly (median of time before using an app=127 minute; after using an app=69 minute; P <0,001) [27]. 
Shkirkova et al. reported the time-shortening of 'from door to needle" period (51 min, interquartile extent 40,5-
69,5) below a domestic guideline of demeanour in case of stroke in the result of using the system which 
integrated whole stroke team [28]. Demeestere et al. reported increased access to thrombolytic treatment in 
the countryside in Australia via using telestroke [29]. Rubin et al. described the lossless transmission of USG 
scanning TCD and CD [30]. Nguyen-Huynh et al. also reported a shortening of "from door to needle" period's 
lasting (19,5min, P <0,001) [31]. Kettner et al. reported beneficial usage of CTA in MSU what caused a more 
accurate choice of target hospital [32]. Whetten et al. proved that usage of ACCESS decreased neuro-emergent 
stroke patient transfers from rural hospitals to urban settings from 85% to 5% (no tPA) and 90% to 23% (tPA), 
while stroke specialist reading of patient CT/MRI imaging within 3 h of onset of stroke symptoms increased 
from 2% to 22%. Results indicate that the use of ACCESS (Access to Critical Cerebral Emergency Support 
Services) has the economic potential. It is possible to save $4,241 ($3,952-$4,438) per patient and increase 
QALYs by 0.20 (0.14-0.22). This increase in QALYs equates to ∼73 more days of life at full health [33]. Phabphal 
et al. developed and researched the effectiveness of cheap systems devoted to making teleconsultations. The 
analysis of each 100 images took 48s and cost 400 Thai bahts. The research showed that it's possible to achieve 
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good quality using this system in diagnosing strokes [34]. Osborne et al. devised a segregation system in order 
to make CT interpretations faster. The average time of reading CT images of acute stroke lasted 6,5 min. It 
meant 17,3 min improvement in ratio to the next priority CT in their practice (range of confidence 17,2-17,4 
min, P <0,001). The amount of analysed CT totalled 350,495 [35]. 

3.6. Multicenter and randomised study 

Walter et al. in a randomised study of 100 patients (53 in the pre-hospital group treated for stroke, 47 in 
the control group) showed a reduction in the time from alarm to treatment decision to 35 min (IQR 31–39) 
compared to 76 min (63–94), (p <0.0001); median difference 41 min (95% CI 36–48 min) [37]. Ebinger et al. 
report shortening the time from diagnosis to thrombolysis by 15 minutes (95% CI, 11–19) [38]. Nyberg et al. 
also report shortening times from alarm to CT and from alarm to the decision. The average time to send MSU 
to receive images in the teleradiological system was 21 minutes and 44 minutes in MSU and control groups, 
respectively (P <0.001). The average time to send a radiological report was 34 minutes and 54 minutes, 
respectively (P <0.001) [39]. 

3.7. Observational study 

Itrat et. al showed that the times from door to completion of CT (13 minutes [IQR, 9-21 minutes]) and 
from door to intravenous thrombolysis (32 minutes [IQR, 24-47 minutes]) were significantly shorter in the 
MSTU group compared to the group control (18 minutes [IQR, 12-26 minutes] and 58 minutes [IQR, 53-68 
minutes] respectively). Times for CT interpretation did not differ significantly between groups [40]. 

Russel Cerejo et al. in their study involving 155 patients, they noted a significant reduction in time, 
including median door to initial CT (12 minutes vs 32 minutes), CT to IAT (82 minutes vs 165 minutes), and door 
to MSTU/primary stroke depart brain (37 minutes vs 106 minutes) among the two groups. In comparison with 
6 patients who reported directly to our facility, the MSTU times were also shorter [41]. 

Kunz et al. compared the results of pre-hospital thrombolysis in the mobile stroke treatment unit (STEMO) 
- a group of 427 patients with the group of 505 patients treated with conventional care. Among the patients in 
the STEMO group, 305 STEMO and 353 patients in the conventional care group were included in the study 
because only they met the inclusion criteria. 161 (53%) patients in the STEMO group compared to 166 (47%) in 
the conventionally treated group had a Rankin score (mRS) of 1 or less (p = 0.14). Compared with conventional 
care, the adjusted odds ratio (OR) for STEMO care for the original result (OR 1.40, 95% CI 1.00–1.97; p = 0.052) 
were not significant. Intracranial haemorrhage (p = 0.27) and mortality within 7 days (p = 0.23) did not differ 
significantly between treatment groups [42]. 
 

4. Discussion 

4.1. Main findings 

The main purpose of this study was to review the available literature and determine how the use of 
teleradiology affects the diagnostic and therapeutic processes of neurological patients. It was also checked 
what technical solutions were implemented in particular scientific publications. In our review, we included 41 
articles, among which 14 were evaluation studies, 15 series of cases, 4 multicentre studies, 3 randomised 
studies, 3 observational studies, 2 comparative studies and 2 case reports. Most scientific articles have reported 
the positive impact of teleradiology use in the treatment and diagnosis of strokes, including the use of MSU.  
The least of them concerned about the use of ultrasound in neurology. We also extracted 12 articles to evaluate 
the time from alarm to CT in MSU and the time from alarm to the therapeutic decision. We noticed that in most 
of the cases, the use of MSU shortened the time to make a decision and shortened the diagnostic process. The 
sum of all persons that took part in all included studies is 373,622. 

4.2. Comparison with existing literature 

We didn’t include systematic reviews to our paper, and papers which were focused on one, particular 
issue or did not check the use of different solutions. 3 reviews tracked about MSU and reported positive aspects 
of using mobile CT scanning, prehospital thrombolysis, mostly emphasising reduction of treating time [6, 10, 
11]. One of the reviews tracked about sending transcranial US images in diagnosing and treating stroke 
patients. The rest of the reviews evaluated the usage of telestroke systems [7, 9, 14, 49, 50] exclusively. Mrak 
et al. in their research (excluded from our review) reported about the usage of the teleradiological connecting 
system in neurosurgery [51]. Huffer et al. reported a high 83% compliance of remote usage of echocardiography 
in comparison to the stationary one (excluded from the review because it was not related to neurology) [52]. 
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4.3. Comment on the results 

We noticed plenty of positive results of usage of teleradiology in the diagnostic and treating process. 
Authors reported fast intervention in case of stroke. They noticed positive economic aspects and long-term 
improvement of patients' prognoses. Moreover, they suggested that prehospital diagnostics enable redirecting 
the patient to the right medical centre, which treating potential is the most accurate to the clinical stage. 
Doctors find MSU usable in stroke diagnostics and also in different cases like faints, posttraumatic exclusion of 
brain's injuries.  

A detailed analysis of the reviewed studies revealed that the frequency of incorrect or delayed diagnoses 
in traditional emergency settings resulted in inappropriate treatment in up to 12% of cases. These errors often 
occurred due to a misdiagnosis of stroke mimics, such as migraines or seizures, or an inability to promptly 
identify hemorrhagic versus ischemic strokes. In contrast, MSUs, equipped with mobile CT scanners and 
teleradiology systems, were able to reduce the occurrence of such errors to less than 5%. The presence of 
remote neurologists who could review images in real-time also played a key role in improving diagnostic 
accuracy. 

The small differences between stationary and teleradiological interpretations of CT scans exist, but the 
proportion isn't huge. It's proved that making TCD and CD don't need the presence of neurologists. This process 
can be remote by keeping a satisfactory result. The MSU equipment enables teleconsultations between the 
ambulance team and radiologists. In the era of lack of medical staff, these tools seem useful. We noticed the 
significant time reduction from alarm to CT and from alarm therapeutic decisions. Making access to 
thrombolytic treatment more available in the countryside was noticed by the researchers as well. In most 
studies reviewed, the control group consisted of patients receiving care in traditional emergency departments 
without the use of Mobile Stroke Units or teleradiology systems. 

4.4. Review restrictions 

Due to the variety of research which covered aspects raised by us in this article, it was not possible to 
conduct a meta-analysis. During work on our quantitative review, lots of articles were excluded for the reason 
of not fulfilling the main criterion - treating about neurology. In our opinion, the strong side of our research is 
adherence to the guidelines of PRISMA. 

4.5. Conclusions 

Teleradiological solutions come ahead of the needs of an increasing number of neurological patients 
(including patients with stroke). There is no doubt that teleradiology is a future of neurology and the future of 
whole medicine. The health systems which struggle with financial problems could be unburdened via 
teleradiology. The quality/cost ratio will improve. The development of telestroke systems and proper funding 
seems to be justified because it would enable the economization of treating strokes. It is necessary to carry out 
further research aimed at monitoring the development of this tool in medicine. 

 
Author Contributions: Conceptualization, A.M. and M.B.; Methodology, M.R. and Ł.C.; Validation, D.K. and A.W.; 
Formal Analysis, M.R., M.J. and Ł.C.; Investigation, A.M., M.B., P.D and N.D.; Data Curation, M.J.; Writing – 
Original Draft Preparation, A.M., M.B., D.K., P.D., M.S., A.W. and M.M.; Writing – Review & Editing, D.K., M.J., 
N.D.; Supervision, M.B.; Project Administration, A.M.; 
 
Funding: This study received no external funding. 
 
Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Thrall JH. Teleradiology. Part I. History and clinical applications. Radiology 2007;243:613–617, 
https://10.1148/radiol.2433070350. 

2. Hunter TB, Krupinski EA, Weinstein RS. Factors in the selection of a teleradiology provider in the United 
States. J Telemed Telecare 2013;19:354–359, https://10.1177/1357633X13503428. 

3. ESR white paper on teleradiology: an update from the teleradiology subgroup. Insights Imaging 
2014;5:1–8, https://10.1007/s13244-013-0307-z. 

4. Silva E, Breslau J, Barr RM, Liebscher LA, Bohl M, Hoffman T, Boland GWL, Sherry C, Kim W, Shah SS, 
Tilkin M. ACR white paper on teleradiology practice: a report from the Task Force on Teleradiology 
Practice. J Am Coll Radiol 2013;10:575–585, https://10.1016/j.jacr.2013.03.018. 

5. Ranschaert ER, Boland GW, Duerinckx AJ, Barneveld Binkhuysen FH. Comparison of European (ESR) and 
American (ACR) white papers on teleradiology: patient primacy is paramount. J Am Coll Radiol 
2015;12:174–182, https://10.1016/j.jacr.2014.09.027. 

https://doi.org/10.69139/mh85tr70


MedInnovations Journal  

 

MedInnovations Journal 2025, 1, 1–10. https://doi.org/10.69139/mh85tr70    www.medinnovations.eu 

6. Domínguez A, Álvarez A, Suárez-Merino B, Goñi-de-Cerio F. Neurological disorders and the blood-brain 
barrier. Strategies and limitations for drug delivery to the brain. Rev Neurol 2014;58:213–224. 

7. Ganapathy K. Telemedicine and neurosciences. J Clin Neurosci 2005;12:851–862, 
https://10.1016/j.jocn.2005.07.004. 

8. Gourie-Devi M. Epidemiology of neurological disorders in India: review of background, prevalence and 
incidence of epilepsy, stroke, Parkinson's disease and tremors. Neurol India 2014;62:588–598, 
https://10.4103/0028-3886.149365. 

9. McKerrow M, North J. Clavicle fracture management: A comparison of a tertiary hospital and rural 
telehealth sites. J Telemed Telecare 2017;23:856–860, https://10.1177/1357633X17733503. 

10. Paryavi E, Schwartz BS, Meyer CL, Herman MJ, Abzug JM. Reliability and Effectiveness of Smartphone 
Technology for the Diagnosis and Treatment Planning of Pediatric Elbow Trauma. J Pediatr Orthop 
2016;36:483–487, https://10.1097/BPO.0000000000000477. 

11. Soehngen E, Rahmah NN, Kakizawa Y, Horiuchi T, Fujii Y, Kiuchi T, Hongo K. Operation-microscope-
mounted touch display tablet computer for intraoperative imaging visualization. World Neurosurg 
2012;77:381–383, https://10.1016/j.wneu.2011.06.017. 

12. Di Paolo M, Guidi B, Picano E, Caramella D. Emergency radiology without the radiologist: the forensic 
perspective. Radiol Med 2009;114:475–483, https://10.1007/s11547-009-0373-y. 

13. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 2009;6:e1000097, https://10.1371/journal.pmed.1000097. 

14. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic 
reviews. Syst Rev 2016;5:210, https://10.1186/s13643-016-0384-4. 

15. Schwindling L, Ragoschke-Schumm A, Kettner M, Helwig S, Manitz M, Roumia S, Lesmeister M, Grunwald 
IQ, Fassbender K. Prehospital Imaging-Based Triage of Head Trauma with a Mobile Stroke Unit: First 
Evidence and Literature Review. J Neuroimaging 2016;26:489–493, https://10.1111/jon.12355. 

16. Spokoyny I, Raman R, Ernstrom K, Demaerschalk BM, Lyden PD, Hemmen TM, Guzik AK, Chen JY, Meyer 
BC. Pooled assessment of computed tomography interpretation by vascular neurologists in the STRokE 
DOC telestroke network. J Stroke Cerebrovasc Dis 2014;23:511–515, 
https://10.1016/j.jstrokecerebrovasdis.2013.04.023. 

17. Puetz V, Bodechtel U, Gerber JC, Dzialowski I, Kunz A, Wolz M, Hentschel H, Schultheiss T, Kepplinger J, 
Schneider H, Wiedemann B, Wojciechowski C, Reichmann H, Gahn G, Kummer R von. Reliability of brain 
CT evaluation by stroke neurologists in telemedicine. Neurology 2013;80:332–338, 
https://10.1212/WNL.0b013e31827f07d0. 

18. Zerna C, Kummer R von, Gerber J, Engellandt K, Abramyuk A, Wojciechowski C, Barlinn K, Kepplinger J, 
Pallesen L-P, Siepmann T, Dzialowski I, Reichmann H, Puetz V, Bodechtel U. Telemedical Brain Computed 
Tomography Misinterpretation by Stroke Neurologists Is Not Associated with Thrombolysis-Related 
Intracranial Hemorrhage. J Stroke Cerebrovasc Dis 2015;24:1520–1526, 
https://10.1016/j.jstrokecerebrovasdis.2015.03.022. 

19. Hov MR, Ryen A, Finsnes K, Storflor J, Lindner T, Gleditsch J, Lund CG. Pre-hospital ct diagnosis of 
subarachnoid hemorrhage. Scand J Trauma Resusc Emerg Med 2017;25:21, https://10.1186/s13049-
017-0365-1. 

20. Grunwald IQ, Ragoschke-Schumm A, Kettner M, Schwindling L, Roumia S, Helwig S, Manitz M, Walter S, 
Yilmaz U, Greveson E, Lesmeister M, Reith W, Fassbender K. First Automated Stroke Imaging Evaluation 
via Electronic Alberta Stroke Program Early CT Score in a Mobile Stroke Unit. Cerebrovasc Dis 
2016;42:332–338, https://10.1159/000446861. 

21. Kostopoulos P, Walter S, Haass A, Papanagiotou P, Roth C, Yilmaz U, Körner H, Alexandrou M, Viera J, 
Dabew E, Ziegler K, Schmidt K, Kubulus D, Grunwald I, Schlechtriemen T, Liu Y, Volk T, Reith W, 
Fassbender K. Mobile stroke unit for diagnosis-based triage of persons with suspected stroke. Neurology 
2012;78:1849–1852, https://10.1212/WNL.0b013e318258f773. 

22. Taqui A, Cerejo R, Itrat A, Briggs FBS, Reimer AP, Winners S, Organek N, Buletko AB, Sheikhi L, Cho S-M, 
Buttrick M, Donohue MM, Khawaja Z, Wisco D, Frontera JA, Russman AN, Hustey FM, Kralovic DM, 
Rasmussen P, Uchino K, Hussain MS. Reduction in time to treatment in prehospital telemedicine 
evaluation and thrombolysis. Neurology 2017;88:1305–1312, 
https://10.1212/WNL.0000000000003786. 

23. Fong W-C, Ismail M, Lo JW-T, Li JT-C, Wong AH-Y, Ng Y-W, Chan PY-C, Chan AL-T, Chan GH-F, Fong K-W, 
Cheung NY-F, Wong GC-K, Ho H-F, Chan S-T, Kwok VW-Y, Yuen BM-K, Chan JH-M, Li PC-K. Telephone and 
Teleradiology-Guided Thrombolysis Can Achieve Similar Outcome as Thrombolysis by Neurologist On-
site. J Stroke Cerebrovasc Dis 2015;24:1223–1228, https://10.1016/j.jstrokecerebrovasdis.2015.01.022. 

24. Mikulik R, Alexandrov AV, Ribo M, Garami Z, Porche NA, Fulep E, Grotta JC, Wojner-Alexandrov AW, 
Choi JY. Telemedicine-guided carotid and transcranial ultrasound: a pilot feasibility study. Stroke 
2006;37:229–230, https://10.1161/01.STR.0000196988.45318.97. 

https://doi.org/10.69139/mh85tr70


MedInnovations Journal  

 

MedInnovations Journal 2025, 1, 1–10. https://doi.org/10.69139/mh85tr70    www.medinnovations.eu 

25. Mainali S, Stutzman S, Sengupta S, Dirickson A, Riise L, Jones D, Yang J, Olson DM. Feasibility and Efficacy 
of Nurse-Driven Acute Stroke Care. J Stroke Cerebrovasc Dis 2017;26:987–991, 
https://10.1016/j.jstrokecerebrovasdis.2016.11.007. 

26. Wu T-C, Parker SA, Jagolino A, Yamal J-M, Bowry R, Thomas A, Yu A, Grotta JC. Telemedicine Can Replace 
the Neurologist on a Mobile Stroke Unit. Stroke 2017;48:493–496, 
https://10.1161/STROKEAHA.116.015363. 

27. Alotaibi NM, Sarzetto F, Guha D, Lu M, Bodo A, Gupta S, Dyer E, Howard P, da Costa L, Swartz RH, Boyle 
K, Nathens AB, Yang VXD. Impact of Smartphone Applications on Timing of Endovascular Therapy for 
Ischemic Stroke: A Preliminary Study. World Neurosurg 2017;107:678–683, 
https://10.1016/j.wneu.2017.08.042. 

28. Shkirkova K, Akam EY, Huang J, Sheth SA, Nour M, Liang CW, McManus M, van Trinh, Duckwiler G, 
Tarpley J, Vinuela F, Saver JL. Feasibility and utility of an integrated medical imaging and informatics 
smartphone system for management of acute stroke. Int J Stroke 2017;12:953–960, 
https://10.1177/1747493017694386. 

29. Demeestere J, Sewell C, Rudd J, Ang T, Jordan L, Wills J, Garcia-Esperon C, Miteff F, Krishnamurthy V, 
Spratt N, Lin L, Bivard A, Parsons M, Levi C. The establishment of a telestroke service using multimodal 
CT imaging decision assistance: "Turning on the fog lights". J Clin Neurosci 2017;37:1–5, 
https://10.1016/j.jocn.2016.10.018. 

30. Rubin MN, Barrett KM, Freeman WD, Lee Iannotti JK, Channer DD, Rabinstein AA, Demaerschalk BM. 
Teleneurosonology: a novel application of transcranial and carotid ultrasound. J Stroke Cerebrovasc Dis 
2015;24:562–565, https://10.1016/j.jstrokecerebrovasdis.2014.09.032. 

31. Nguyen-Huynh MN, Klingman JG, Avins AL, Rao VA, Eaton A, Bhopale S, Kim AC, Morehouse JW, Flint 
AC. Novel Telestroke Program Improves Thrombolysis for Acute Stroke Across 21 Hospitals of an 
Integrated Healthcare System. Stroke 2018;49:133–139, https://10.1161/STROKEAHA.117.018413. 

32. Kettner M, Helwig SA, Ragoschke-Schumm A, Schwindling L, Roumia S, Keller I, Martens D, Kulikovski J, 
Manitz M, Lesmeister M, Walter S, Grunwald IQ, Schlechtriemen T, Reith W, Fassbender K. Prehospital 
Computed Tomography Angiography in Acute Stroke Management. Cerebrovasc Dis 2017;44:338–343, 
https://10.1159/000484097. 

33. Whetten J, van der Goes DN, Tran H, Moffett M, Semper C, Yonas H. Cost-effectiveness of Access to 
Critical Cerebral Emergency Support Services (ACCESS): a neuro-emergent telemedicine consultation 
program. J Med Econ 2018;21:398–405, https://10.1080/13696998.2018.1426591. 

34. Phabphal K, Hirunpatch S. The effectiveness of low-cost teleconsultation for emergency head computer 
tomography in patients with suspected stroke. J Telemed Telecare 2008;14:439–442, 
https://10.1258/jtt.2008.080603. 

35. Osborne TF, Grabiel AJ, Clark RH. The Benefit of a Triage System to Expedite Acute Stroke Head 
Computed Tomography Interpretations. J Stroke Cerebrovasc Dis 2018;27:1190–1193, 
https://10.1016/j.jstrokecerebrovasdis.2017.11.038. 

36. Audebert HJ, Kukla C, Clarmann von Claranau S, Kühn J, Vatankhah B, Schenkel J, Ickenstein GW, Haberl 
RL, Horn M. Telemedicine for safe and extended use of thrombolysis in stroke: the Telemedic Pilot 
Project for Integrative Stroke Care (TEMPiS) in Bavaria. Stroke 2005;36:287–291, 
https://10.1161/01.STR.0000153015.57892.66. 

37. Walter S, Kostopoulos P, Haass A, Keller I, Lesmeister M, Schlechtriemen T, Roth C, Papanagiotou P, 
Grunwald I, Schumacher H, Helwig S, Viera J, Körner H, Alexandrou M, Yilmaz U, Ziegler K, Schmidt K, 
Dabew R, Kubulus D, Liu Y, Volk T, Kronfeld K, Ruckes C, Bertsch T, Reith W, Fassbender K. Diagnosis and 
treatment of patients with stroke in a mobile stroke unit versus in hospital: a randomized controlled 
trial. The Lancet Neurology 2012;11:397–404, https://10.1016/S1474-4422(12)70057-1. 

38. Ebinger M, Winter B, Wendt M, Weber JE, Waldschmidt C, Rozanski M, Kunz A, Koch P, Kellner PA, 
Gierhake D, Villringer K, Fiebach JB, Grittner U, Hartmann A, Mackert B-M, Endres M, Audebert HJ. Effect 
of the use of ambulance-based thrombolysis on time to thrombolysis in acute ischemic stroke: a 
randomized clinical trial. JAMA 2014;311:1622–1631, https://10.1001/jama.2014.2850. 

39. Nyberg EM, Cox JR, Kowalski RG, Vela-Duarte D, Schimpf B, Jones WJ. Mobile Stroke Unit Reduces Time 
to Image Acquisition and Reporting. AJNR Am J Neuroradiol 2018;39:1293–1295, 
https://10.3174/ajnr.A5673. 

40. Itrat A, Taqui A, Cerejo R, Briggs F, Cho S-M, Organek N, Reimer AP, Winners S, Rasmussen P, Hussain 
MS, Uchino K. Telemedicine in Prehospital Stroke Evaluation and Thrombolysis: Taking Stroke Treatment 
to the Doorstep. JAMA Neurol 2016;73:162–168, https://10.1001/jamaneurol.2015.3849. 

41. Cerejo R, John S, Buletko AB, Taqui A, Itrat A, Organek N, Cho S-M, Sheikhi L, Uchino K, Briggs F, Reimer 
AP, Winners S, Toth G, Rasmussen P, Hussain MS. A Mobile Stroke Treatment Unit for Field Triage of 
Patients for Intraarterial Revascularization Therapy. J Neuroimaging 2015;25:940–945, 
https://10.1111/jon.12276. 

https://doi.org/10.69139/mh85tr70


MedInnovations Journal  

 

MedInnovations Journal 2025, 1, 1–10. https://doi.org/10.69139/mh85tr70    www.medinnovations.eu 

42. Kunz A, Ebinger M, Geisler F, Rozanski M, Waldschmidt C, Weber JE, Wendt M, Winter B, Zieschang K, 
Fiebach JB, Villringer K, Erdur H, Scheitz JF, Tütüncü S, Bollweg K, Grittner U, Kaczmarek S, Endres M, 
Nolte CH, Audebert HJ. Functional outcomes of pre-hospital thrombolysis in a mobile stroke treatment 
unit compared with conventional care: an observational registry study. The Lancet Neurology 
2016;15:1035–1043, https://10.1016/S1474-4422(16)30129-6. 

43. Ragoschke-Schumm A, Walter S, Haass A, Balucani C, Lesmeister M, Nasreldein A, Sarlon L, Bachhuber 
A, Licina T, Grunwald IQ, Fassbender K. Translation of the 'time is brain' concept into clinical practice: 
Focus on prehospital stroke management. International Journal of Stroke 2014;9:333–340, 
https://10.1111/ijs.12252. 

44. Walter S, Kostpopoulos P, Haass A, Helwig S, Keller I, Licina T, Schlechtriemen T, Roth C, Papanagiotou 
P, Zimmer A, Viera J, Vierra J, Körner H, Schmidt K, Romann M-S, Alexandrou M, Yilmaz U, Grunwald I, 
Kubulus D, Lesmeister M, Ziegeler S, Pattar A, Golinski M, Liu Y, Volk T, Bertsch T, Reith W, Fassbender 
K. Bringing the hospital to the patient: first treatment of stroke patients at the emergency site. PLoS 
ONE 2010;5:e13758, https://10.1371/journal.pone.0013758. 

45. Ebinger M, Kunz A, Wendt M, Rozanski M, Winter B, Waldschmidt C, Weber J, Villringer K, Fiebach JB, 
Audebert HJ. Effects of golden hour thrombolysis: A Prehospital Acute Neurological Treatment and 
Optimization of Medical Care in Stroke (PHANTOM-S) substudy. JAMA Neurol 2015;72:25–30, 
https://10.1001/jamaneurol.2014.3188. 

46. Parker SA, Bowry R, Wu T-C, Noser EA, Jackson K, Richardson L, Persse D, Grotta JC. Establishing the First 
Mobile Stroke Unit in the United States. Stroke 2015;46:1384–1391, 
https://10.1161/STROKEAHA.114.007993. 

47. Saver JL, Fonarow GC, Smith EE, Reeves MJ, Grau-Sepulveda MV, Pan W, Olson DM, Hernandez AF, 
Peterson ED, Schwamm LH. Time to treatment with intravenous tissue plasminogen activator and 
outcome from acute ischemic stroke. JAMA - Journal of the American Medical Association 
2013;309:2480–2488, https://10.1001/jama.2013.6959. 

48. Kim J-T, Fonarow GC, Smith EE, Reeves MJ, Navalkele DD, Grotta JC, Grau-Sepulveda MV, Hernandez AF, 
Peterson ED, Schwamm LH, Saver JL. Treatment With Tissue Plasminogen Activator in the Golden Hour 
and the Shape of the 4.5-Hour Time-Benefit Curve in the National United States Get With The 
Guidelines-Stroke Population. Circulation 2017;135:128–139, 
https://10.1161/CIRCULATIONAHA.116.023336. 

49. Gourie-Devi M. Epidemiology of neurological disorders in India: review of background, prevalence and 
incidence of epilepsy, stroke, Parkinson's disease and tremors. Neurol India 2014;62:588–598, 
https://10.4103/0028-3886.149365. 

50. f 
51. Mrak G, Paladino J, Dzubur A, Desnica A. Telemedicine in neurosurgery: teleradiology connections in 

the Republic of Croatia. J Telemed Telecare 2009;15:142–144, https://10.1258/jtt.2009.003012. 
52. Huffer LL, Bauch TD, Furgerson JL, Bulgrin J, Boyd SYN. Feasibility of remote echocardiography with 

satellite transmission and real-time interpretation to support medical activities in the austere medical 
environment. J Am Soc Echocardiogr 2004;17:670–674, https://10.1016/j.echo.2004.03.021. 

53. John S, Stock S, Masaryk T, Bauer A, Cerejo R, Uchino K, Winners S, Rasmussen P, Hussain MS. 
Performance of CT Angiography on a Mobile Stroke Treatment Unit: Implications for Triage. J 
Neuroimaging 2016;26:391–394, https://10.1111/jon.12346. 

54. Bowry R, Parker S, Rajan SS, Yamal J-M, Wu T-C, Richardson L, Noser E, Persse D, Jackson K, Grotta JC. 
Benefits of Stroke Treatment Using a Mobile Stroke Unit Compared With Standard Management: The 
BEST-MSU Study Run-In Phase. Stroke 2015;46:3370–3374, https://10.1161/STROKEAHA.115.011093. 

55. Wendt M, Ebinger M, Kunz A, Rozanski M, Waldschmidt C, Weber JE, Winter B, Koch PM, Freitag E, Reich 
J, Schremmer D, Audebert HJ. Improved prehospital triage of patients with stroke in a specialized stroke 
ambulance: results of the pre-hospital acute neurological therapy and optimization of medical care in 
stroke study. Stroke 2015;46:740–745, https://10.1161/STROKEAHA.114.008159. 

56. Dharmasaroja PA, Muengtaweepongsa S, Kommarkg U. Implementation of Telemedicine and Stroke 
Network in thrombolytic administration: comparison between walk-in and referred patients. Neurocrit 
Care 2010;13:62–66, https://10.1007/s12028-010-9360-3. 

57. Dutta D, Kendall J, Holmes C, Murphy P, Black T, Whiting R, Aujla K, Caine S, Hellier K, Walters D. 
Evaluation of a telephone advice system for remote intravenous thrombolysis in ischemic stroke: data 
from a United kingdom network. Stroke 2015;46:867–869, https://10.1161/STROKEAHA.114.008190. 

58. Hov MR, Zakariassen E, Lindner T, Nome T, Bache KG, Røislien J, Gleditsch J, Solyga V, Russell D, Lund 
CG. Interpretation of Brain CT Scans in the Field by Critical Care Physicians in a Mobile Stroke Unit. J 
Neuroimaging 2018;28:106–111, https://10.1111/jon.12458. 

https://doi.org/10.69139/mh85tr70


MedInnovations Journal  

 

MedInnovations Journal 2025, 1, 1–10. https://doi.org/10.69139/mh85tr70    www.medinnovations.eu 

59. McLaughlin PD, Moloney F, O'Neill SB, James K, Crush L, Flanagan O, Maher MM, Wyse G, Fanning N. CT 
of the head for acute stroke: Diagnostic performance of a tablet computer prior to intravenous 
thrombolysis. J Med Imaging Radiat Oncol 2017;61:334–338, https://10.1111/1754-9485.12585. 

60. Wei D, Oxley TJ, Nistal DA, Mascitelli JR, Wilson N, Stein L, Liang J, Turkheimer LM, Morey JR, Schwegel 
C, Awad AJ, Shoirah H, Kellner CP, Leacy RA de, Mayer SA, Tuhrim S, Paramasivam S, Mocco J, Fifi JT. 
Mobile Interventional Stroke Teams Lead to Faster Treatment Times for Thrombectomy in Large Vessel 
Occlusion. Stroke 2017;48:3295–3300, https://10.1161/STROKEAHA.117.018149. 

61. Agrawal K, Raman R, Ernstrom K, Claycomb RJ, Meyer DM, Hemmen TM, Modir RF, Kachhi P, Meyer BC. 
Accuracy of Stroke Diagnosis in Telestroke-Guided Tissue Plasminogen Activator Patients. J Stroke 
Cerebrovasc Dis 2016;25:2942–2946, https://10.1016/j.jstrokecerebrovasdis.2016.08.009. 

62. Bodechtel U, Puetz V. Why Telestroke networks? Rationale, implementation and results of the Stroke 
Eastern Saxony Network. J Neural Transm (Vienna) 2013;120 Suppl 1:S43-7, https://10.1007/s00702-
013-1069-y. 

63. Pedragosa A, Alvarez-Sabín J, Rubiera M, Rodriguez-Luna D, Maisterra O, Molina C, Brugués J, Ribó M. 
Impact of telemedicine on acute management of stroke patients undergoing endovascular procedures. 
Cerebrovasc Dis 2012;34:436–442, https://10.1159/000345088. 

64. Angileri FF, Cardali S, Conti A, Raffa G, Tomasello F. Telemedicine-assisted treatment of patients with 
intracerebral hemorrhage. Neurosurg Focus 2012;32:E6, https://10.3171/2012.1.FOCUS11356. 

65. Demaerschalk BM, Vargas JE, Channer DD, Noble BN, Kiernan T-EJ, Gleason EA, Vargas BB, Ingall TJ, 
Aguilar MI, Dodick DW, Bobrow BJ. Smartphone teleradiology application is successfully incorporated 
into a telestroke network environment. Stroke 2012;43:3098–3101, 
https://10.1161/STROKEAHA.112.669325. 

66. Mong R, Tiah L, Wong M, Tan C. Improving telestroke treatment times through a quality improvement 
initiative in a Singapore emergency department. Singapore Med J 2019;60:69–74, 
https://10.11622/smedj.2018083. 

67. Singh R, Ng WH, Lee KE, Wang E, Ng I, Lee WL. Telemedicine in emergency neurological service provision 
in Singapore: using technology to overcome limitations. Telemed J E Health 2009;15:560–565, 
https://10.1089/tmj.2009.0010. 

68. Sharma S, Padma MV, Bhardwaj A, Sharma A, Sawal N, Thakur S. Telestroke in resource-poor developing 
country model. Neurol India 2016;64:934–940, https://10.4103/0028-3886.190243. 

69. Wiborg A, Widder B. Teleneurology to improve stroke care in rural areas: The Telemedicine in Stroke in 
Swabia (TESS) Project. Stroke 2003;34:2951–2956, https://10.1161/01.STR.0000099125.30731.97. 

70. Itrat A, Taqui A, Cerejo R, Briggs F, Cho S-M, Organek N, Reimer AP, Winners S, Rasmussen P, Hussain 
MS, Uchino K. Telemedicine in Prehospital Stroke Evaluation and Thrombolysis: Taking Stroke Treatment 
to the Doorstep. JAMA Neurol 2016;73:162–168, https://10.1001/jamaneurol.2015.3849. 

71. Higgins, J.P.T.; Altman, D.G.; Gøtzsche, P.C.; Jüni, P.; Moher, D.; Oxman, A.D.; Savović, J.; Schulz, K.F.; 
Weeks, L.; Sterne, J.A.C. The Cochrane Collaboration’s Tool for Assessing Risk of Bias in Randomised 
Trials. BMJ 2011, 343, d5928, doi:10.1136/bmj.d5928. 

https://doi.org/10.69139/mh85tr70
about:blank
https://doi.org/10.1136/bmj.d5928

