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A B S T R A C T

BACKGROUND: There is a strong inverse relationship between outcome in patients with acute ischemic stroke from emergent
large vessel occlusion (ELVO), and time to reperfusion from intra-arterial therapy. Delay in transferring patients to thrombectomy-
capable centers is currently a major limitation. The mobile stroke unit (MSU) concept with onboard portable computed tomography
(CT) scanner enables rapid performance of CT angiography (CTA) of the intracranial vessels to detect ELVO in the field, and allows
for rapid triage of patients to interventional-capable centers.
METHODS: Our institution implemented a mobile stroke treatment unit (MSTU) program that started on July 2014, and CTA
capability was added on April 2015. The eligibility criteria, equipment, and method of CTA imaging are described. We report the
first case of CTA being performed in the field in the United States to aid in triage of ELVO patients.
RESULTS: MSTU was dispatched for reported new onset of right hemiparesis in a patient. Teleneurological assessment detected
findings consistent with a severe left middle cerebral artery (MCA) syndrome. Noncontrast CT head revealed left lenticulostriate
hypoattenuation. A CTA was performed subsequently on the MSTU that showed an MCA cutoff. Based on these findings, patient was
immediately transferred to the main hospital with neurointerventional capability, where he underwent successful recanalization
with improvement in symptoms.
CONCLUSION: CTA is possible on an MSTU, enabling rapid detection and triage of ELVO cases directly to thrombectomy-capable
centers, which significantly reduces time to endovascular treatment.
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Introduction
The Challenge

Recently, multiple randomized clinical trials have unequivo-
cally shown the benefit of intra-arterial therapy (IAT) for se-
lected patients with acute ischemic stroke (AIS) from emergent
large vessel occlusion (ELVO).1–5 There is a strong inverse re-
lationship between outcome and time to reperfusion.6 Majority
of delays to reperfusion occur before the start of IAT,7 and the
delay in transferring patients to thrombectomy-capable centers
is a major limitation.8

The Innovation

The mobile stroke unit (MSU) concept developed in Germany
consists of an ambulance equipped with portable computed
tomography (CT) scanner and laboratory capabilities, which
brings the CT to the patient experiencing stroke. Initial MSU
experiences from Saarland and Berlin have demonstrated re-
markable improvements in time to intravenous thrombolysis
administration.9,10 The on board CT scanner can perform CT
angiography (CTA) of the intracranial vessels, to detect ELVO
and allow for rapid triage of patients to interventional-capable

centers. We describe the first report of CTA being performed in
the field in the United States to aid in triage of ELVO patients.

Methods
Cleveland Clinic implemented a mobile stroke treatment unit
(MSTU) program that started on July 18, 2014 (Fig 1). The
equipment and staffing of this vehicle have been published
previously.11,12 CTA capability was added to the MSTU on
4/13/15. Once the nonenhanced CT of the brain and neuro-
logical assessment via telemedicine are completed, the tech-
nologist on board may be instructed to proceed with a CTA
if findings are suggestive of a potential LVO by the vascular
neurologist performing the telemedicine evaluation. The CTA
eligibility protocol is based on patient criteria of an NIHSS �
6, fluctuation of symptoms, a single focal deficit that may indi-
cate an LVO, and/or a hyperdense vessel on unenhanced CT.
Additionally, the patient needs to be able to remain still for the
examination and point of care creatinine and eGFR should be
within normal range for administration of intravenous (IV) con-
trast. IV access with an 18 gauge or larger peripheral IV is rec-
ommended, preferably antecubital. The patient is repositioned
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Fig 1. Exterior of Cleveland Clinic MSTU vehicle.

in the scanner, and immobilized. A single slice scan at the level
of C1-C2 is performed. This scan serves as a reference to be
used with a contrast tracking feature on the scanner. Contrast-
enhanced helical images are obtained, extending from the skull
base through the Circle of Willis at 1.25 mm slice thickness.
Eighty cubic centimeters of Optiray 350 is injected at a rate
of 4 cc/second using a single lumen Liebel-Flarsheim Optistat
injector. Technical parameters include tube current of 7 mA,
peak kilovoltage of 120 kVp, at a pitch of 1. Images are trans-
mitted to the vascular neurologist and radiologist for review.
Once the CTA is obtained, images are transmitted to the vascu-
lar neurologist and neuroradiologist. The vascular neurologist
interprets the images and is able to make treatment decision
based on it. The neuroradiologist also provides an official read
of the imaging.

Results
MSTU was dispatched for reported right hemiparesis in a
47-year-old male with history sarcoma and cardiomyopathy
secondary to successful chemotherapy. He was last known
well at 2100 hours the night before. MSTU arrived on the
scene at 1421 and he was transported into the truck at 1423
(time 00:00). Telemedicine evaluation revealed a National In-
stitute of Health Stroke Scale score of 14 for left gaze prefer-
ence, dense right hemiparesis, right facial droop, aphasia, and
dysarthria. Noncontrast CT head (+15 minutes) showed left
lenticulostriate hypoattenuation (Alberta Stroke Program Early
CT Score [ASPECTS] 7). CTA (+28) revealed a mid-M1 mid-
dle cerebral artery (MCA) cutoff (Fig 2). Patient arrived at the
main hospital (+47 minutes) and was taken for a hyperacute
magnetic resonance imaging (MRI) scan that showed restricted
diffusion limited to the left basal ganglia and left temporal pole.
He was taken for emergent IAT (groin puncture + 107 minutes),
in which successful recanalization of a completely occluded M1
segment was achieved (+137 minutes) (Fig 3). His examination
improved postprocedure with resolution of all cortical signs,
but persistent right-sided hemiparesis (NIHSS 8). He was dis-
charged to an acute rehabilitation facility within 48 hours.

Discussion
Key features that led to the success of the recent clinical trials
compared to the previous failed studies were improved patient

selection by requiring CTA documentation of vessel occlusion,
and utilization of modern stent-retriever therapy that achieved
faster and more complete recanalization. Similar to previous
trials, they have also demonstrated striking proportionality be-
tween patients achieving good outcome and successful recanal-
ization, and good outcome to the time from last seen normal to
groin puncture. Therefore, it is imperative that advanced imag-
ing for IAT selection is efficiently integrated into stroke system
workflows to ensure rapid assessment and treatment.

The translation from positive trials to a widely used and
similarly effective therapy poses additional challenge in
terms of rapid and effective triage to appropriate treatment.
Currently, patients with suspected stroke are transported to the
nearest stroke center, diagnosed and treated with intravenous
alteplase if eligible, and then receive evaluation for IAT onsite
or at a thrombectomy-capable hospital (“drip and ship”). Many
primary stroke centers (PCSs), acute stroke ready hospitals,
or equivalents do not have the resources for performing
thrombectomy or round the clock CTAs. As such, the
“hub-and-spoke” model of interfacility transfers is becoming
commonplace and a large proportion of patients eligible for
and treated with IAT will eventually be transferred from PSCs
to thrombectomy-capable hospitals. A recent single-center
retrospective study suggested that for every minute of delay
in transfer, there is a 2.5% lower probability that a patient
receives IAT.8 With the known strong correlation of time and
stroke outcome, such delays are expected to produce lower
than anticipated outcomes with IAT. A recent publication
from the Madrid Stroke Network demonstrated for the first
time the rate of futile interhospital transfers for stroke IAT.13 In
this study, 41% of patients who were transferred from the first
hospital to an IAT-capable center did not eventually undergo
endovascular treatment. Clinical improvement or arterial
recanalization was the most common cause for not performing
the procedure. However, repetition of neuroimaging tests
and its findings in the receiving hospital was the second most
common cause for ineligibility of IAT performance.

The implementation of CTA in the context of the MSTU
concept offers a novel solution for expedited triage among vary-
ing levels of regional stroke centers. Successful performance of
multimodal CT imaging on an MSU was first demonstrated in
Saarland, Germany.14 With capabilities for performing CT and
CTA in AIS patients, it not only allows for immediate prehos-
pital treatment with intravenous thrombolysis, but also enables
expeditious triage of patients with ELVO to IAT-capable hos-
pitals. The clinical presentation, CT APSECTS score, and pres-
ence or absence of target vessel occlusion taken together already
provide majority of the information needed to determine eli-
gibility for IAT. Additional advanced imaging paradigms may
be performed per institutional protocols to ensure optimal eli-
gibility and is supported by recent trials. While the Multicen-
ter Randomized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands (MR CLEAN)1 was
least selective about excluding patients requiring no additional
imaging criteria beyond the need to demonstrate a proximal
arterial occlusion, other studies used low ASPECTS on noncon-
trast CT, poor collaterals on multiphase CTA, or large ischemic
core CT perfusion for exclusion.2–4

In our initial experience of patients triaged by the MSTU
(prior to CTA capability) who underwent IAT, we identified
substantial reduction in the first “picture-to-puncture” time
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Fig 2. Axial unenhanced mobile CT (A) demonstrates a hyperdense left MCA sign (arrow). Mobile CTA (B and C) shows a cutoff in the left
M1 segment (arrow). MCA = middle cerebral artery.

Fig 3. Axial-diffusion-weighted images from the hyperacute MRI (A) show restricted diffusion in the corona radiata and caudate head (arrow).
Pre- (B) and postintervention (C) digital subtraction angiography images show occlusion of the left M1 segment (arrow), with subsequent
thrombolysis in cerebral infarction 2b grade recanalization.

compared to historical controls.11 This was largely driven
due to direct transport of potential IAT-eligible patients to a
neurointerventional-capable center. Breakdown of time met-
rics revealed that although time from Emergency Medical Ser-
vices (EMS) dispatch to arrival at the PSC (control group) was
similar to the MSTU, significantly longer time was spent in
the PSC before the patient was eventually transferred to a
thrombectomy-capable center. The door to MSTU departure
was 37 minutes, compared to departure from the PSC in histor-
ical controls, which took 106 minutes. Consequently, the time
from first door to groin puncture (93 vs. 200 minutes) and the
first picture to groin puncture (82 vs. 165 minutes) was signifi-
cantly shorter in the MSTU group. Multiple time metrics have
been proposed for IAT in AIS, including door-to-puncture7

and picture-to-puncture,15 both of which measure in part de-
lays associated with patient transfer. In the current case, these
times were 107 and 92 minutes, respectively, despite the per-
formance of an MRI that was required to establish viable tissue
given the long time from last normal. Irrespective of the met-
ric used, the MSTU reconfigures these times by bringing the
emergency room to a patient with stroke and directly trans-
porting to the appropriate center, obviating additional hospital
stops in between. In addition to interfacility transport times, it
is also faster to perform CT followed by CTA in the same scan-
ner, rather than performance of a CT followed by CTA in two
separate scanners at different locations.

While MSTU holds significant promise for improving out-
comes in AIS patients eligible for IAT by decreasing time

to IV thrombolysis and time to IAT, the associated opera-
tional costs may pose additional considerations to this strat-
egy. The Stroke Emergency Mobile unit (STEMO) consortium
from Berlin, Germany, recently reported improved prehospi-
tal triage of stroke patients, both ischemic and hemorrhagic to
appropriate centers compared to conventional care.16 Dietrich
et al of the Saarland group performed a 1-year cost-benefit anal-
ysis of the MSU concept of prehospital stroke treatment across a
number of different scenarios.17 They calculated a 1.96 benefit-
cost ratio in the baseline experimental setting, with increase in
the benefit-cost ratio with higher population density. The ratio
could also be markedly increased with the reduction of staff.
This can be achieved with the use of telemedicine, as utilized
in the Cleveland MSTU. Although further studies are required,
these data lend support to the cost effectiveness of this novel
treatment strategy. Another potential limitation for performing
mobile CTA is that due to the smaller bore and limited cranio-
caudal axis translation inherent to the portable CT equipment
employed (35 and 25 cm, respectively),18 only CTA of the head
as opposed to the more conventional CTA of the neck and head
is currently feasible on the mobile unit. Thus, if there is clinical
need to characterize more proximal disease, additional vessel
imaging may be necessary.

Conclusion
CTA is possible on an MSTU, enabling rapid detection
and triage of ELVO cases directly to thrombectomy-capable
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centers. Further experience is warranted to explore the feasibil-
ity of routine use of this imaging strategy.
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