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Abstract

Background

Transcranial color-coded sonography (TCCS) has proved to be adasliable tool for thg
detection of middle cerebral artery (MCA) occlusions in a hdsgétiing. In this feasibility
study on prehospital sonography, our aim was to investigate theaegcof TCCS for
neurovascular emergency diagnostics when performed in a prehcstitag) using mobil
ultrasound equipment as part of a neurological examination.

D

D

Methods

Following a ‘911 stroke code’ call, stroke neurologists experientddCCS rendezvoused
with the paramedic team. In patients with suspected stroke, T&x@Sination including
ultrasound contrast agents was performed. Results were compatedeutovasculg
imaging (CTA, MRA) and the final discharge diagnosis from stahgatient-centered stroke
care.

=

Results

We enrolled ‘232 stroke code’ patients with follow-up data availabl&02 patients wit
complete TCCS examination. A diagnosis of ischemic stroke wadenn 73 cases; 29
patients were identified as ‘stroke mimics’. MCA occlusion w&gnosed in ten patients,
while internal carotid artery (ICA) occlusion/high-grade stemdsiading to reversal of
anterior cerebral artery flow was diagnosed in four patients.iffihal working diagnosis
‘any stroke’ showed a sensitivity of 94% and a specificityd®¥. ‘Major MCA or ICA
stroke’ diagnosed by mobile ultrasound showed an overall sensitivit§%fand specificity
of 98%.

=)

Conclusions

The study demonstrates the feasibility and high diagnostic agcusd emergenc
transcranial ultrasound assessment combined with neurological reteoms for majo
ischemic stroke. Future combination with telemedical support, poirarefanalysis of bloog
serum markers, and probability algorithms of prehospital strdiegnosis includin
ultrasound may help to speed up stroke treatment.
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Background

Ischemic stroke is a time-critical vascular disease #ifi#cts neural function and is the
leading cause of permanent disability in people in industrializédnsa[1,2]. Although the
ECASS 3 trial widened the time window for intravenous (IV) thromdislyo 4.5 h [3] and
this window may be extended in selected patients undergoing intiemna thrombectomy
[4], the majority of patients do not benefit since fewer than 25%@bénts arrive within 2 h
of symptom onset [5] and only 36% arrive within 3 h (Bavarian SodetQuality control
2012 report) [6]. Significant prehospital delays are the main reasgnpatients do not
receive effective treatment [2,7,8]. Recent analyses fromque\gtudies demonstrate a total
median prehospital delay varying between 35 and 71 min [9,10]. IdeaBytime period
may be devoted for diagnostics, early allocation to an appropriatedipapid initiation of
stroke-specific therapies [11-13].

Transcranial color-coded sonography (TCCS) is a feasible, &adtnon-invasive bedside
method for the evaluation of cerebral arteries in acute strokat end routine tool in most
stroke units. Particularly when contrast agents are applied, TI€@8lid compared with
computed tomography (CT) angiography [14] and magnetic resonanicgrapdy (MRA)
[15] for the diagnosis of arterial occlusions in patients with aisateemic stroke, especially
in middle cerebral artery (MCA) obstructions [16]. According to tReurosonology in
Acute Ischemic Stroke study,” TCCS is an independent predictotrédespatient's outcome
[17]. Assessment of vascular pathology and hemodynamics in patightacute stroke is
thought to enable early judgment of functional outcome and thrombolfitaf and could
identify patients who might benefit from interventional treatmé@t20]. In our study, we
focused TCCS examination on the detection of middle cerebraly astausion in its
proximal segment (M1-MCA occlusions) - the most common site &ebral artery
occlusions - since we hope to shorten time from symptom onset tnbegof therapy with
a very early diagnostic approach.

Goal of this investigation

In this ‘Regensburg stroke mobile project,” we hypothesized thatieologist equipped with
a portable ultrasound device is able to achieve a similar diagmesticacy ‘in the field’ as
compared with in-hospital advanced neuroimaging (CTA, MRA).

Methods

Study design

We describe a single-site prospective study in which we contparessults of preclinical
neurological examinations supported by TCCS in the field with thdtseof standard stroke
imaging studies (CTA, MRA) and with final discharge diagnosem fthe treating stroke
unit. In the hospital, standard stroke care was applied without aatklianaging or
treatment algorithm. In this regard, prehospital TCCS was perébtoneonfirm or deny the
presence of major intracranial artery occlusions and not to datestranial hemorrhage.
Despite the non-invasive nature of the study, we obtained written isfbconsent from the
patient or the next available relative. The study was approved bgdhleethics committee
(Ethic committee Nr. 09/135) and was performed in accordanceguidlelines set out in the
Declaration of Helsinki.



Setting

The diagnostic portion of the study was performed between May 201(aandry 2011 in
the city and rural district of Regensburg. This region supports agiapubf approximately
150,000 people in east Bavaria, Germany; the operational areaedltaivered extended up
to 35 km in radius (Figure 1).

Figure 1 Map showing Regensburg and the surrounding are&Pins indicate sites of
emergency calls. The Regensburg stroke mobile was housed at the strokehanit of
Department of Neurology, Bezirksklinikum Regensburg. The second stroke unit in
Regensburg is located at the Department of Neurology, Krankenhaus BagalB¥imer
Regensburg. Three telemedical stroke units within the TEMPIS network aied oesar
Regensburg. Bar indicates 10 km (Google®©).

Selection of participants

Patient enrollment took place during regular work hours (8 a.m. to 4:30, pMonday
through Friday. Patients were enrolled consecutively and unselectibe laispatch center.
The dispatch center did not follow dedicated inclusion criteriadaaided following its
internal routine algorithms. After the dispatch center receavdd 2’ stroke call (the German
equivalent for a ‘911’ stroke call in the USA), the ambulance temneigency physician and
paramedic) and the stroke team (a stroke- and TCCS-experiencenlogistirand a
paramedic driver in a BMW series 1, dedicated ‘stroke mobilefpvooth alerted and sent to
the site of the incident. After first aid had been provided to thiemaand vital parameters
had been stabilized, a brief neurological examination was perfordedTCCS was
performed if no neurological symptoms suggestive for acute stvokeansient ischemic
attack (TIA) were present. In such cases or if the patient dicsimatv any neurological
symptoms, patients either stayed at home or were transferrétetnearest emergency
medical department. These cases were not included in thefetlody-up. All patients who
presented symptoms indicating probable or definite acute stroke mdteled in this
analysis.

Interventions

In all patients with symptoms of an acute stroke, neurologicahieedion was immediately
followed by a TCCS assessment. Neurological examination wsesdben a simplified and
structured assessment including paresis in face, arm, and peggchs disorders;
consciousness; and gaze palsy. Symptoms indicating probable or dafiniéestroke were
defined as one positive symptom with acute onset. Additionally atoteesvas proposed if
the neurologist had the suspicion of stroke due to symptoms likeelzzihemianopia, and
related symptoms.

The highest priority in all cases was to avoid any delay befmgpital admittance.
Ultrasound examination took place either at the site of the imigatment (for example, at
the patient's couch, on the floor, or at bedside) or during ambulanceaianall

neurological patients were transferred to a specialized stroke Alhpatients underwent
emergency diagnostic examinations consisting of non-contrast biaian@, if necessary,
CTA and MRA. The primary vascular diagnostic method was chosen bast patient's
level of consciousness, comorbidities (for example, a cardiac makee was a



contraindication for magnetic resonance imaging (MRI)), andrggvef symptoms. The

final diagnosis was made by the responsible stroke team ngistdb@ased on all available
clinical information and the contents of the patient's medical ded@atients in whom
imaging studies provided evidence of cerebral infarction werengavéinal diagnosis of
ischemic stroke, even if their neurological deficits were teantsiA diagnosis of TIA was
given to patients in whom deficits lasted less than 24 h, and there was mugiexagence of

infarction. To allow a comparison between standard imaging methmatlF @CS, patients
who received IV thrombolysis were only included if they had undergoteast one vascular
imaging study before IV thrombolysis.

Ultrasound equipment and data acquisition

We used two portable color duplex ultrasound machines equipped with a Erased
transducer capable of transcranial imaging: SonoSite Micromaxi® avP17 transducer
(SonosSite Inc., Bothell, WA, USA) and Philips CX50® with a P2-5 transd(fhilips

Ultrasound, Bothell, WA, USA). The standard setting with a transomidsequency of 2.0
MHz for brightness, color, and Doppler mode was used on both machinegesimere
stored as bitmap (Micromaxx®) and DICOM (CX50®) files on the handedasind converted
later to jpg files for data transfer and off-line analysis.

An ultrasound contrast agent (UCA; SonoVue®, Bracco Imaging SpA, Mialy) was
administered intravenously via a peripheral vein primarilyases in which the quality of the
transcranial bone window was deemed inferior and an urgent diagnodesin&@ravenous
injections of 0.5 to 2 ml UCA were administered, depending on the quélttye temporal
bone window, as previously described [21]. After identification of the taesporal bone
window, the protocol required color-mode visualization and confirmatory ril@asurements
in the proximal M-1 segment of both MCAs using spectral Dopplersaltragraphy. Angle
correction was not performed. The examiner could decide whethgtetodethe protocol to
measurements in the anterior and posterior cerebral artaf@ss(and PCAS, respectively).
Proximal MCA occlusions were diagnosed when the ipsilateral AGdor the contralateral
ACA and MCA could be visualized and imaging confirmed the existefica sufficient
temporal bone window with or without UCA. Distal MCA or MCA brarattlusions were
defined according to criteria published by Zanette and coauthors 28 TCCS
examination time was defined as the time between the firdaahdnage, as documented in
the imaging files. Pathological disorders of the internal carotid af€f) were suspected in
either the absence of ipsilateral ACA and MCA flow or a reatew$ flow in the ACA that
was suggestive of >80% stenosis or total occlusion of the ICA [2BI@CS examinations
were reviewed by an experienced sonographer who is certified b@dhman Society of
Ultrasound in Medicine (FS, DEGUM Stage III).

Outcome - primary end point

Primary end point of this study is accuracy of TCCS comparethego‘gold standard’
neurovascular imaging (CTA/MRA).

Outcome - secondary end point

Secondary end points include accuracy of initial working diagnosis cechpardischarge
diagnosis. Safety aspects are side effects of contrast agent.



Primary data analysis

A simplified data collection sheet was used, which notes thadiofiemergency call, arrival
at the patient's side, and patient handover to hospital staff; twhialgrasound examination
and whether visualization of both MCAs had been achieved; final diagtesighe patient
was discharged from the hospital; and documentation of stroke treatssehtData derived
from neurovascular imaging studies, such as CTA, MRA, or in-housesunography, were
collected and correlated to the results of the prehospital TG@$. Sthe distance from base
hospital to the patient was calculated by the navigationalmysiad values are given as
median values with standard deviations.

Sensitivity analyses

Based on the clinical and TCCS data leading to a prehospital disgmod the final
discharge diagnosis, we calculated the sensitivity, specjfieityl positive and negative
predictive values as well as the respective 95% confidence ilstéGia) of the procedure in
determining stroke vs. mimic. Based on the TCCS data, we daldutze same statistics for
determining occlusion of the MCA. All data were entered into aneExworksheet and
calculated using MedCalc (version 11.6.1; http://www.medcalc.org).

Results and discussion
Results

Characteristics of study subjects

Table 1 lists baseline demographic characteristics. Wevestél32 emergency calls and
rendezvoused with the first aid team at the patient's siteetdeded 119 patients because
their initial clinical examinations did not show stroke or neurollggymptoms but instead
suggested other disorders. These patients were not examined usir® AGGher 11
patients were excluded after the emergency doctor and strokelawgsir excluded acute
stroke plus TCCS indicated normal intracranial arterial flow.s€hgatients were transferred
to general emergency departments, and some were in hospttadsiva stroke unit or even
stayed at home. There was no follow-up on these patients. The sedeta perform the
ultrasound examination was 5 min and 36 s. (mean, SD + 2 min and 12 s).



Table 1Baseline characteristic of the study sample and examiner, location, and o
ultrasound

Characteristic Value
All patients,n 232
Patients included) 102
Sex (female/male) 54/48
Mean age (SD) 76.8 (13.41)
Ultrasound examination time (mean, SD) 5 min, 36 s (2 min,12 s)
Alarm-to-handover duration (mean, SD) 65 min (25 min)
Contrast enhanced TCC#, 41
Distance to hospital, km 10 (2-41)
Clinic admissionn = 102
Stroke unit 98
Internal Medicine 3
Telemedicine Stroke unit 1
Examining physician
Investigator 1 57
Investigator 2 42
Investigator 3 3
Site of ultrasound investigation
Patient's home 51 (50%)
During transport in ambulance car 43 (42%)
Private office practice 4 (4%)
Public space 2 (2%)
Senior citizen home 2 (2%)

TCCS, transcranial color-coded sonography; SD, standard deviation.
Stroke diagnosis - overall sensitivity and specificity

Of the 102 patients included in the study, 73 (72%) received a meaafidiagnosis of stroke
by their treating hospital neurologists and 29 (28%) were coyretdissified as stroke
mimics. In the field, 4 patients were given the misdiagnosis nbrastroke event (4%),
whereas 15 patients (15%) received the misdiagnosis of stroketidiesymptoms merely
mimicked those of a stroke. In summary, the initial working diagnps® to patient
admission to the hospital showed a sensitivity of 95% (95% CI 86 toné& apecificity of
48% (29 to 67) in the hospital workup (Tables 2,3,4). Two examples of striokieswith
interesting neurosonographic findings (normal flow but indicationsudbdural hematoma or
midline shift) were found in a patient with a subdural hematongu(€i2) and a brain tumor
(Figure 3). In 68% of the patients, stroke-like symptoms weresddug ischemic stroke/TIA
with suspected etiology of large artery atherosclerosis in Si#wied by cardioembolism
and small vessel disease (Table 5). Only 5% of symptoms wesectdy any intracranial
hemorrhage. During the study period, 9 of 50 patients (18%) receividadbolysis and 1
patient underwent mechanical thrombectomy.



Table 2Initial working diagnostic
Stroke (n = 102) Stroke mimics
Proved right 1t = 69) n = 3 exsiccosis
n = 2 hypoglycemia
n = 2 syncope
n =1 pneumonia
n =1 migraine
n =1 slipping
n = 1 persisting atrial fibrillation
n = 1 functional brachiofacial hemiparesis
n = 1 hypertensive rise
n = 1 epileptic seizure
Proved wrongr{ = 4) n =5 epileptic seizure
n =4 tumor
n = 2 subdural hematoma
n =1 exsiccosis
n =1 MI + brain concussion
n = 1 metabolic encephalopathy
n = 1 peripheral nerve compression (C7)

Table 3Preclinical working and discharge diagnostics

Discharge diagnostic
Stroke  Stroke mimic  Total

Preclinical working diagnostic Stroke 69 15 84
Stroke mimic 4 14 18
Total 73 29 102

Table 4 Sensitivity, specificity, positive predictive value, and negative prediste value
SE(95% Cl) Sp (95% CI) PPW (95% CI) NPW (95% CI)
Stroke vs. mimic  94% (86 t0 98) 48% (29to 67) 82% (72t089) 77% (52 to 93)

SE, sensitivity; Sp, specificity; PPW, positive predictive valN@W, negative predictive
value.

Figure 2 Left-sided subdural hematoma in an 80-year-old patient. (aJ CCS performed
30 min after onset of sensory aphasia shows a patent left MCA and the comgletef ci
Willis. (b) Cranial CT scan demonstrates a subdural hematoma (SDH};)avoen viewed
in retrospect, TCCS from the right side reveals the SDH in the contralaterigphere in B-
mode (arrow). The patient's medical history included hypertension, ddiabatka fall 2 days
earlier.

Figure 3Images obtained in a 54-year-old patient with progressive left-sided paralysi

due to a brain tumor. (a) TCCS revealed patent arteries, but the midline has shifted as seen
in a non-optimal temporal bone window during CT. (1) ipsilateral and (2) contralatera
posterior cerebral artery, (3) ipsilateral middle cerebral artery(gngdsi- and contralateral
anterior cerebral arteri€b) with shift to the contralateral side (arrow).




Table 5Final diagnosis and etiology at discharge

Final diagnosis (1 = 102) Territory Etiology (TOAST) Percentage
TIA n =20 Anterior circulation n =58 Large artery atherosclerosis 50
Ischemic stroke n =50 Posterior circulation n =12 Cardioembolism 24
Hemorrhagic stroke n=3 Small vessel occlusion 13
Subdural hematoma n=2 Stroke of other etiology 4
No stroke n=27 Stroke of undetermined etiology 9

Transcranial color-coded duplex sonography in the field

Ultrasound contrast agents were administered in 41 patients (4@84)paadverse event was
noted. Despite the use of UCA, inferior temporal bone windows were fautid of the 102
patients (11%) (in 5 patients bilaterally, in 6 patients unild{gradnd these were excluded
from further analysis testing sensitivity and specificitypoéhospital TCCS. An additional
patient was excluded who presented with MCA occlusion with relatedpheessis and
spontaneous thrombolysis during transport. One patient with a non-stroke diagnos
(temporal arteritis) and three patients with unremarkableomaaging findings yet stroke
diagnosis at discharge were also excluded.

The flow diagram (Figure 4) shows the diagnostic pathway and thevasgular imaging
reference methods obtained as ‘gold standard in hospital.” In 4% iehisatdiagnosis of
stroke was first detected by non-contrast CT (cerebral computaajtaphy (CCT)). In 7%
of patients, CTA imaging first led to the final diagnosis.

Figure 4 Flow diagram showing the diagnostic imaging pathway used to diagnose
ischemic stroke.lt includes the diagnostic accuracy for M1 and ICA pathology. US,
ultrasound of intra- and extracranial arteries; TCCS, transcraniataud@d sonography;
M1, middle cerebral artery mainstem; ICA, internal carotid artery.

Preclinical TCCS demonstrated 12 occlusions or high-grade stenosesjof brain-
supplying arteries (MCA and ICA) including 10 M1-MCA occlusionseinal carotid artery
(ICA) occlusions were diagnosed when reversed flow (‘cross-fijlimgcurred in the
ipsilateral ACA,; this finding is indicative of >80% stenosistotal occlusion of the ICA
according to the ECST criteria [24]. Standard imaging studieA(QIRA, and CCT)
showed 14 major cerebral artery occlusions: 10 involving the MCAdandolving the ICA
(Table 6). In the early days of the study, a PCA wasakest to be a patent MCA in one
patient when the UCA was incorrectly injected through a fifgstem, resulting in the
destruction of microbubbles and inferior image quality. Also, TC@Sulted in the
misdiagnosis of distal MCA occlusion in one patient, according tZamette index [22]. In
this patient, an atypical parieto-occipital intracerebral herageh(ICH) caused dislocation
of the MCA, which led to a near-perpendicular angle of insonationtrimspect, considering
the lack of resistance in the low-flow profile and use of thé&Wiay have helped avoid the
misdiagnosis (an example of a correct diagnosis of distal M€Ausion is shown in Figure
5). Two >80% stenoses or total occlusions of the ICA were not détectéhose cases, the
examiner investigated both MCA arteries according to the gitmtpcol but did not examine
the ACA and, therefore, missed a cross-filling phenomenon (Figuren @ummary, we
found a sensitivity of 90% and specificity of 98% (positive predéctialue 90%, negative
predictive value 98%) in achieving a correct diagnosis of MCA occlusion.



Table 6 Diagnostic accuracy TCCS

Standard stroke imagind' Total

Occlusion No occlusion
MCA mainstem and ICA
Preclinical TCCS Occlusion 11 1 12
No occlusion 3 71 74
Total 14 72 86
MCA occlusion
Preclinical TCCS Occlusion 9 1 10
No occlusion i 75 76
Total 10 76 86

3CTA, MRA, and CCT according to diagnostic pathway in stroke urflieassive
intracerebral hemorrhage (ICH) described as distal MCA oariuSno ACA imaged and
therefore 2 ICA occlusions or >80% stenosis with cross-fillingsetscontrast through
filter, and PCA described instead of MCA occlusion. CTA, computed tcapbgr
angiography; MRA, magnetic resonance angiography; CCT, etredmputed tomography;
ACA, anterior cerebral artery; ICA, internal carotid ayteMCA, middle cerebral artery;
PCA, posterior cerebral artery.

Figure 5 Distal MCA mainstem occlusion in a patient with global aphasia and right-
sided hemiparesisPrehospital TCCS showed a resistance profile only at the origin of the
left MCA, (b) whereas flow in the contralateral MCA was unremarkable. At the hogpjtal,
a CT scan displayed a dense artery sign (arrow)(d®rel CTA showed occlusion of the
MCA (arrow).

Figure 6 Cross-filling suggestive of high-grade stenosis or occlusion of the IChnages
obtained in a 73-year-old patient suffering from a TIA with a 5-min-long zapéshe right

leg. During transport, the patient's high blood pressure and angina pectoris drampte
decision to admit him to the Department of Cardiology. The results of the TikdD§ex that
decision, however, and the patient was admitted to the Stroke Unit. Surgery was gebrform
the following day(a) TCCS reveals normal flow in the left MC#) Flow in the left ACA

was increased and retrograde, suggesting collateral filling throughttdréoa

communicating artery{c) CT-angiography shows patency of all intracranial arteries but lacks
flow information.(d) DSA on the same day confirms a tight, high-grade stenosis at the origin
of the left ICA.

Patent MCAs, as demonstrated on standard neurovascular imagires SQd@A, MRA) in

the hospital, were diagnosed correctly in 75 of 76 cases in whickcheniia in any of the
MCA territories was suspected and in 71 of 72 cases in whidschemic stroke of the
MCA-M; and ICA was suspected (Table 6). One false-negative ICA steoosid be

identified on CTA scans. Two large hypodense areas indicated afiadenegative ICA
and an MCA mainstem occlusion. In one patient, in whom an atypmataf ICH caused
severe left-sided hemiparesis, a clinical syndrome potentititipiaed to MCA occlusion,
normal flow in the MCA was observed and confirmed by CTA. Howevegddition to a
diagnosis of major vessel occlusion, TCCS supported the likelihood difrakeigchemia, as
demonstrated in a patient in whom the first diagnosis was taahigc atrial fibrillation

resulting in a changing peak systolic flow pattern (Figure 7).



Figure 7 TCCS with Doppler spectrum revealing tachyarrhythmia with changing

cardiac output volumes in a 50-year-old patientThe patient experienced 5 h of mild facial
paralysis and weakness of the left arm. MRI confirmed a small cardioemigbli MCA
infarction (not shown).

Discussion

In this study, we evaluated the potential of prehospital strdesasient when an emergency
doctor is joined at the scene of the event by a stroke neurokugigiped with a mobile
ultrasound system for transcranial vascular diagnostics. More thfaof e patients seen
after a stroke emergency call were identified as not souffea stroke by virtue of
‘neurological eyeballing.” The remaining patients who underwentaued neurological and
neurosonological examinations were identified as having a strokeavsensitivity of 94%
and a specificity of 48%. This seemingly disappointing resuloisierbalanced by high
diagnostic sensitivity and specificity in patients with MCAclosions (90% sensitivity and
98% specificity) or combined pathology in the anterior circulationwfbich the study was
not designed (78% sensitivity and 98% specificity).

Prehospital stroke diagnosis

The high percentage of patients (56%, 130 of 232 patients) who weltelex from the
study because they had no neurological symptoms shows the djiffiac#d by dispatch
center staff in distinguishing between stroke and non-stroke symmgiased on a telephone
call. In the current setting, an experienced neurologist pertbaneindividual and focused
neurological examination in addition to a neurovascular diagnosis ientieegency setting
using TCCS. Further improvement may be added by systemataddiyng data of other
findings (atrial fibrillation, list of medications, medical histpto combine to a probability
model for stroke occurrence.

A delay of prehospital time is counterproductive in efficiertlstrtreatment. Therefore, the
emergency teams were advised not to wait for the stroke mébitthermore, examination
and all associated acts were done during transport and atetlod mitial treatment only if

primary care was ongoing and not disturbed by neurological or ultrasound examination.

Diagnostic accuracy of neurovascular imaging

Initiation of stroke-specific therapies first requires a Ipgttd diagnostic tests with the major
focus on excluding the presence of ICH. Here, sensitivity of S®@Eyond controversy [25].
Comparing the state-of-the-art stroke imaging modalities, MRd diffusion weighted
imaging (DWI) show the best sensitivity and specificity &M/ additionally has a very
good predictive value for the ‘penumbra’ [26,27]. Unfortunately, in thiewedd, only 14%
receive an MRI in the emergency department (ED) and only 29Btnvthe first 12 h [28].
As CTA is not being obtained routinely, many physicians in ED¢ o CCT only.
However, CCT alone shows a low sensitivity for ischemic strokectleh (sensitivity 27%
to 64%) [29-32] and has a mean sensitivity for early infarctiondegection of 66% (20% to
87%) with a specificity of 87% (56% to 100%). One can argue howbksaeischemic stroke
can be treated within the first 4.5 h of stroke onset using recontlisaue plasminogen
activator (rtPA on the basis of minimal imaging informatioe.( the exclusion of brain



hemorrhage with CT), and therefore, the high sensitivity of CT fonondhage makes
standard CT an important technique for the assessment of patients with radeate st

On the other hand, rtPA alone shows a low rate of acute recaioalizgrticularly in
proximal vessel occlusion (distal ICA 4.4%; M1-MCA (32.3%); M2-M(38.8%)) which is
significantly improved only with an endovascular or combined (‘briggiapproach [33-35].
Even though recent trials question the long-term benefit of an intemeh@approach in
general, they on the one hand do show benefit for the subgroupswsedoan (M1, carotid
T) [36].0n the other hand, they stress the need for very earlnadilsy since even a 1-h
delay in the time to treatment negates the benefit of a higlemnalization rate with
endovascular treatment [37].

Bedside transcranial ultrasound has proved its high agreement wihs@iflies, good
identification of vessel occlusions amenable for interventionahtiexatt and good predictive
values for the outcome of the patient in several studies [16,17,38].

In our study, TCCS in the field and with portable small ultrasounchmes was performed
with high accuracy by experienced investigators and showed an amoktr diagnostic
accuracy compared with those of previously published studies performed in alhsetging,
in which blinded TCCS was compared to the reference method [14].théewariety of
positions in which the patient had to be examined in differennhgsttiequired substantial
experience and dexterity on the part of the investigator, so ifutine, some certification
may be advised for this specific application.

Prehospital stroke projects

A variety of prehospital stroke projects are currently underwagmnipkes include the Stroke
Angel project [39], STEMO [40], Mobile Stroke Unit (MSU) [41], Astévww.aster-
magdeburg.de), and Med-on-@ix [42] projects. All these projecer diiffconcept, personnel
required, timelines, and costs.

The current MSU concept aims to bring guideline-adherent strokengetdirectly to the
emergency site using a specialized ambulance equipped with sc&iher, point-of-care
laboratory and a telemedicine connection to the hospital (ClinieédIgov identifier:

NCT00792220). They could significantly reduce the time from alarnhéoapy decision
from 76 to 35 min in the MSU group. However, distances to hospital défkm (4 to 10)

vs. 8 km (6 to 15) in control group) and are much shorter than in our @tdyn (2 to 41).

Unavailable diagnostic equipment in 18% (22 of 122) due to technical problgmthe CT

scanner or the laboratory was comparable to 10% exclusions due ticiesutemporal

bone window. Bringing CT diagnostic to the patient is, from our poiries¥, not applicable
in rural areas due to long distances and extensive costs.

A study related to MSU represents the Phantom-S Study [43]. dineiis to reduce alarm-
to-needle time by the implementation of a CT scanner, telergitalcsupport, and point-of-
care-laboratory-equipped ambulance. In comparison to our study, the caegien is
limited to a maximum of 16 min from dispatch to arrival atplagent within central Berlin.
Furthermore, the ambulance staff was specially trained Her study, whereas we
implemented our study within normal routine emergency medical seriEMS). This
approach will be most effective within urban centers.



Compared to others, we focused on ischemic stroke of proximal M1/M2 occlusions leading to
the clinically worst outcome but with relatively good prognosiseaated by experts timely
and therefore crucial to be detected and streamlined to alggeetistroke unit early [33]. In
comparison to other projects, our focus was not only on metropolitas luealso on rural
areas with long distances to the next stroke unit (Figure 1). We tbandn-field use of
mobile ultrasound systems does not result in prolonged prehospital dathys particularly
suited in patients with large arterial occlusions. Mobile ultrasoumaved an overall
sensitivity of 78% and specificity 98% for ‘major MCA or ICA’@asions. Our primary aim
in this study was to detect vessel occlusions and not to exclude brain hemavitietine use
of ultrasound. In order to initiate, i.e., thrombolysis cases of hemocristigke and stroke
mimics (Tables 2,3,4) must be excluded and must still require profoungdogdiécs at
specialized stroke units. Despite a high likelihood of ischemic stimkeases of MCA
occlusion detected by prehospital TCCS, additional tools such as paateoserum stroke
diagnostics are needed in the future before prehospital thrombolysis.

Another aspect of prehospital cerebrovascular diagnostics idathke of comparative
prehospital data. Neither data on diagnostic accuracy nor the pgeaitCTAs performed
in the publications of other mobile stroke units using a CT scannavasable; thus,
comparison of diagnostic accuracy of prehospital TCCS is limited.

The combination of the different experiences gained by the variowdinpal stroke
treatment studies could be used to implement a reliable telemhéolt to detect and treat
stroke patients in a countrywide manner.

Limitations of the study

The limitations of our study are the relatively low numberrofkpnal large vessel pathology
(MCA and ICA) and no standardized stroke neurovascular diagnogtdtaim in the two
receiving stroke units. The latter is due to the fact that sttod@ment has different
diagnostic algorithms depending on a variety of factors suctires window, age, and
availability of stroke MRI, among others - a drawback commoiheaalth-care research.
Furthermore, we did not pursue contact with the patients we ‘egdbals suffering from
something other than stroke and thus did not compare our initial prehas@gaosis with
the final diagnosis in these patients. We examined fewer thamwfhalfr patients using the
contrast agent thus explaining the high number of patients with itisuatfitemporal bone
windows (11%). The study concept did not require to always examireothglete circle of
Willis in all patients, leading to two missed >80% ICA stenesth cross-filling phenomena
documented in stroke unit TCCS. A further limitation is that findifigs ultrasound were
compared to those from CTA or MRA on a later stage in time.dntige, this limitation is
almost impossible to overcome, but during the time between both iratestig the situation
potentially may have changed which could influence the calcutatationship between both
techniques. We have since implemented several improvements in our ongoing study protocol.

Outlook

Resources in health care are limited, and prehospital strokecgropill ultimately be
assessed from a socioeconomic point of view [8,44]. If current te¢lpriglems can be
solved, telemedicine might offer a rapid transfer of stroke expertise to &JIS [



In Germany, TCCS has already been successfully performedeticah technicians under
the supervision of a neurologist. Provided specific stroke training, pdiesnmay be able, in
the future, to perform TCCS and transfer these data to a vasecalaologist for
interpretation. Mikulik et al. [38] showed in a pilot study that arxpeeienced health-care
provider (for example paramedics) could perform a bedside examingtioled by an
experienced neurosonographer via telemedicine. The use of a combineldgiear TCCS
examination may also be extended to situations in which helicoptergency transport is
necessary, a form of transport already shown to provide the higties of thrombolysis in
stroke patients in an Austrian study [46].

The TEMPIS project has shown to deliver high experienced strokapthéo underserved
areas and proved cost-effectiveness in hospital settings [47]. Aquerg continuation of
our project would be to transfer clinical and ultrasound data, obtaineegblar emergency
personal during the prehospital examination, to experienced strokalawgsiis. The use of
probability algorithms for a stroke diagnosis combined with theawascular status of the
patient may lead to high-quality telemedical interactions betywaeamedics and emergency
physicians on the one hand and specialists at stroke units on the other [39,42,47,48].

Conclusions

Our study demonstrates the feasibility and high diagnostic amgcuoh emergency
neurological examinations that include the use of mobile transtrdtr@sound systems to
assess the cerebral circulation. At this point, the accurastyake diagnosis is dependent on
the expertise of stroke neurologists, including their ability tdoper TCCS in a variety of
situations and to correlate the results to patients’ neurologyoaptoms. However, with
telemedical support, administration of UCA, and specific strokeitigifor paramedics, this
system may be feasible for broad application, including rural amb@se the choice of
treatment may currently be more limited due to long prehospital delays.
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