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pre-hospital stroke care: from portable cTs  
to mobile thrombolysis

A blocked artery in the brain can often lead to irre-
versible brain injury resulting in an ischemic stroke with 
major disability, dementia or death [1, 2] The treatment 
of such strokes involves the administration of intravenous 
tissue plasminogen activator (IV tPA) within 4.5 hours of 
symptom onset to restore blood flow and tissue perfu-
sion [3]. Several clinical and radiological factors must be 
considered prior to administering tPA, including obtain-
ing a head computed tomography (CT) scan to exclude 
intracranial hemorrhage.

 
Despite the potential for tPA to improve outcomes 

of patients with ischemic strokes, only a limited num-
ber of patients arrive at the hospital in time to be 
eligible for this treatment [4,5]. While reasons for 
this discrepancy are complex, a major limitation is 
the current system of triaging stroke patients in the 
emergency room. 

Unfortunately, despite efforts to streamline systems 
of care in emergency departments, the median door to 
needle time in stroke center emergency rooms in the 
United States approximates 60 minutes [6], with most 
patients being treated beyond 2 hours [7]. Given the direct 
relationship of improved treatment successes with faster 
treatment times with IV tPA [8-10],  minimizing delays 
in the triage, evaluation and treatment of patients is vital.  

Optimizing pre-hospital management of stroke 
patients by using specially equipped ambulances, so-
called Mobile Stroke Units (MSU), is one way to speed 
treatment with tPA so that it can be administered within 
the first 60 minutes after symptom onset when it is likely 
to have its greatest impact. 

Following the successes of establishing and operating 
the first MSUs in Germany [11-12],  the earlier treatment 
of ischemic strokes became tangible in the United States 
with the launch of the first MSU in Houston, Texas,   in 
May 2014. The MSU team is comprised of a vascular 
neurologist (VN), a nurse skilled in stroke management, 
a paramedic, a CT technologist, and a remote VN via 

telemedicine (TM). 
The MSU itself is a Houston Fire Department ambu-

lance that is fitted with a portable CT scanner and con-
tains all necessary equipment needed for the acute evalu-
ation and treatment of a stroke patient.  

The portable CT scanner (CereTom, Samsung Neu-
rologica Corporation) is itself installed across the entire 
back wall of the MSU, with special brackets to lock the CT 
scanner in place during transport. Additional enhance-
ments were made to the power and charging circuitry, 

including an upgrade to the standard on-board generator 
to provide additional power for operating the CT scanner. 

Patients eligible for tPA are positioned on a gurney 
which is then raised to align the patient’s head with the 
scanner when performing the CT scan. A standard 8 slice, 
5mm configuration is obtained for each patient and is 
available for immediate viewing on a portable laptop by 
the onsite VN. A DICOM sharing grid is used to directly 
push images from the MSU to the remote VN and destina-
tion hospital [13]. Direct comparison of CereTom images 
with those from a standard clinical CT scan have shown a 
high comparability of CereTom images in terms of diag-
nostic accuracy and reliability versus a standard clinical 
CT scanner [14].  

THE BEST-MSU STUDY
We have initiated a study on the Benefits of Stroke 

Treatment delivered using a Mobile Stroke Unit com-
pared to standard management (BEST-MSU)  [15].  Now 
in its second year of patient recruitment, the study not 
only aims to address whether an MSU model of deliver-
ing stroke care can speed the treatment of ischemic stroke 
patients with IV tPA, but if this can also be accomplished 
using TeleMedicine (TM)  and result in being more cost-
effective compared to current standard treatment by 
emergency medical providers.
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“... It typically takes roughly an hour for a 
stroke patient to be evaluated and treated 
in the emergency room (ER). So if we can 
actually put the ER in the ambulance and 

take the CT scanner to the patient, we
could treat the patient at the scene with 

the medication and save that hour ...” 
Dr J Grotta
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The study began with a run-in phase to test the implemen-
tation of such a pre-hospital system of stroke care that would 
provide key logistical information for the randomized phase 
of the study. The prospective cluster-randomized phase of the 
study began in August 2014 and involved weeks during which 
the MSU was deployed, during which all care takes place on 
the MSU (MSU week) or standard management weeks (SM 
week) when paramedics transport patients to the emergency 
room directly. We have also compared the reliability of assess-
ing patients using TM technology and the agreement between 
the remote TeleMeedicine Vascular Neurologist (TMVN) and 
the on-site VN on board the MSU.

RESULTS 
During the 10 week run-in phase, the MSU was dispatched 

on 130 occasions (2.7 times/day) and was called off en-route to 
the scene on 41 of these calls after the first responders deemed 
the patients as ineligible for the study. Twenty-four patients 
met criteria for enrolment during the 57 MSU days (8 weeks), 
and 2 during the 14 SM days (2 weeks). During the MSU days, 
13 of the 24 patients were deemed tPA-eligible; 12 were treated 
with tPA on the MSU, and one was not treated until arrival in 
the emergency department (ED).  On the SM days, one of the 
2two patients was deemed tPA-eligible and received tPA in 
the ED. Four of the 26 enrolled patients were found to have 
primary intracerebral hemorrhages (ICH) after CT scanning 
on the MSU, all of whom had their blood pressure treated on 
board as per current management guidelines [16]. One had an 
acute subdural hemorrhage, while three  had seizures on board 
the MSU, which were thought to be the cause of their presenta-
tion. Two patients had complete resolution of symptoms before 
tPA was started and one patient was deemed ineligible for tPA 
due to uncertainty about the time of symptom onset. 

Of the twelve patients treated with tPA on the MSU, four 
(33%) were treated between 0 and 60 minutes of symptom 
onset, four between 61 and 80 minutes from onset, and four 
between 81 and 270 minutes of onset.  The average time from 
emergency activation to tPA administration in the MSU was 
47 minutes (range 37 – 60 minutes), with an average on-scene 
time from MSU arrival to tPA bolus of 25 minutes (range 
17- 42 minutes). Four of the 12 MSU tPA patients had endo-
vascular treatment for large artery occlusions, with an average 
symptom onset to groin puncture time of 175 minutes (range 
140 - 224 minutes). Four of the 12 MSU patients treated with 
tPA had mild or no symptoms without disability at 90 days, 
with 3 patients being near their baseline level of function. 
There were no TM malfunctions, and 90% agreement (i.e. 8 
out of 9 patients) between the remote and on-site VN for tPA 
eligibility. 

SAFETY CoNSIDERATIoNS
The primary safety concern in operating the CT scanner 

on the MSU is the amount of radiation exposure. Based on 
one year of operation (CT scans for 106 patients), we have 
found that the general public’s cumulative deep dose equiva-
lent radiation exposure is less than 0.02 mSv hr-1 (2 mrem 
hr-1) or 1.0 mSv (100 mrem) (the annual general public dose 
limit for the effective dose is 1 mSv), while being 1.14 mSv 
(114 mrem) for the CT operator on the MSU, which is well 
below ten percent of the current United States occupational 
dose limit. It was also reported that radiation levels were 
found to be within normal limits in the CT scanners uti-
lized in the MSUs in Germany, despite the design of those 
MSUs being different than the MSU utilized in Houston [17].  
There were no technical malfunctions of the CT scanner or 
the MSU ambulance, nor any hemorrhagic or other clinical 
complications [15].

DISCUSSIoN
The BEST-MSU study has provided us with valuable 

insights into the aspects of pre-hospital stroke care that need 
to be prioritized in order to efficiently triage and treat stroke 
patients. There were about 1.5 treatments per week during the 
run-in phase, with 33% being treated within the first hour, so 
our average “door-to-needle” time was 25 minutes on the MSU 
(where all diagnostic equipment, medications, and skilled 
treatment team are located in one dedicated space and imme-
diately available). This is comparable to the fastest reported 
ED “door-to-needle” times [18].  Not only has this confirmed 
our hypothesis that large numbers of stroke patients can 
be treated on the MSU with potentially faster initiation of 
treatment, but we have also been reassured that remote TM 
assessment is possible, similar to other single center studies 
that are utilizing TM on MSUs [19]. Although we have a high 
TM agreement rate regarding tPA eligibility with that of a live 
VN assessment (90%), the question of whether telemedicine is 
a reliable way to replace the on-site vascular neurologist needs 
further study [20]. 

The university of Texas Health Science Center at Houston (uTHealth) Medical School, 
in partnership with Memorial Hermann-Texas Medical Center, CHI St. Luke’s Hospital 
and Houston Methodist Hospital, introduced the first Mobile Stroke unit in the united 
States in 2014. The stroke unit, which includes a Samsung NeuroLogica CereTom CT 
scanner, is run in conjunction with the Emergency Medical Services of the Houston 
Fire Department, Bellaire Fire Department and West university Fire Department.
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The MSU has also been useful in the rapid management 
of patients with ICH. Since hemorrhage enlargement occurs 
more frequently early in the course of ICH [21-22],  the MSU 
provides an avenue to promptly administer intravenous anti-
hypertensive medications to reduce blood pressure and/or 
other hemostatic agents in order to reverse certain coagulopa-
thies that are associated with ICHs. 

Given recent evidence from clinical trials showing the effi-
cacy of endovascular therapies (ET) for large vessel strokes 
[23-24]. it is also vital for triage processes in acute stroke care 
to be modified in a manner that promotes efficient transitions 
from the pre-hospital setting to stroke centers with ET capa-
bility in order to minimize treatment delays.  

The identification of patients with large vessel occlusions 
using CT angiography on the MSU can thus potentially save 
time by bypassing initial transport to non-endovascular facili-
ties, by expediting the tPA administration and laboratory 
testing required prior to ET, and by early warning of the 
endovascular team allowing timely mobilization. Testing the 
reliability, feasibility and accuracy of CT angiogram on the 
MSU is planned for this year 2016.

CoNCLUSIoN 
We have thus far enrolled 289 total patients into the BEST-

MSU study. We are also collaborating with other stroke cen-
ters in the United States to explore the generalizability of 
this model of stroke care in different cities with different 
dynamics of pre-hospital emergency medical systems. On a 
worldwide scale, MSUs hold great promise with the potential 
to improve patient outcomes and provide more cost effective  
medical care.
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International Cancer 
Imaging Society
ICIS interactive Series 
Future courses

Masterclass in Imaging of 
Hepatobiliary Tumours, London
8th April 2016

Masterclass in Imaging of 
Prostate Cancer, Stockholm
24th October 2016

Masterclass in Imaging of 
Pancreatic Tumours, London
3rd November 2016

Sponsored by

Save the date

16th Annual Teching Course - Cancer Imaging: More than Meets the Eye
3rd-5th October 2016, Technology and Innovation Centre, Glasgow, UK

Register your interest at: icimagingsociety.org.uk

These one day teaching courses are limited to 40 participants, each with their own 
imaging workstation and content delivered through lectures and hands-on case based 
learning. The courses will highlight current imaging techniques and focus on image 
interpretation, with a workbook of cases provided to enhance the learning experience.

Samsung NeuroLogica’s CereTom CT scanner is an imaging tool used in mobile 
stroke units to help diagnose stroke in patients. The MSu has proven to reduce 
time-to-treatment for patients, as well as hospital length of stay. The CereTom is an 
8-slice, portable CT scanner that delivers high-quality scans in a variety of patient 
locations. Its combination of rapid scan time, easy-to-use interface and immediate 
image viewing makes CereTom a vital tool for any clinician needing real-time, high-
quality images.


