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BRIEF/TECHNICAL REPORT
ADULT BRAIN

Mobile Stroke Unit Reduces Time to Image Acquisition

E.M. Nyberg,

ABSTRACT

J.R. Cox,

and Reporting

R.G. Kowalski, “’D.V. Duarte, ““'B. Schimpf, and ““W . Jones

SUMMARY: Timely administration of thrombolytic therapy is critical to maximizing the likelihood of favorable outcomes in patients with

acute ischemic stroke. Although emergency medical service activation overall improves the timeliness of acute stroke treatment, the time

from emergency medical service dispatch to hospital arrival unavoidably decreases the timeliness of thrombolytic administration. Our

mobile stroke unit, a new-generation ambulance with on-board CT scanning capability, reduces key imaging time metrics and facilitates

in-the-field delivery of IV thrombolytic therapy.

ABBREVIATIONS: EMS = emergency medical service; MSU = mobile stroke unit

Acute ischemic stroke is the fifth leading cause of mortality in
the United States and remains the leading cause of morbidity
and long-term disability, costing approximately $33 billion per
year." The effectiveness of tPA in improving outcomes has been
shown to be sensitive to the timeliness of drug delivery,” with a
20% decrease in the likelihood of a good outcome (defined by a
modified Rankin Scale score of 0-2) at 90 days for every 30-min-
ute delay in reperfusion.’ Besides decreasing the effectiveness of
the drug, delays in care also preclude some patients from receiving
thrombolytic therapy when the delays place patients outside the
4.5-hour treatment window. Currently, only 3%-5% of patients
with acute ischemic stroke receive thrombolytic therapy, often
due to the time-limited treatment window.* Until recently, the
time required for prehospital evaluation and transportation via
emergency medical service (EMS) has generally been unavoid-
able. With the introduction of mobile stroke units (MSUs), the
time required for transportation and repeat patient evaluation
before IV tPA administration can be eliminated.

The purpose of this study was to compare pertinent imaging
time metrics for patients imaged in the MSU with those imaged
via the conventional pathway through the emergency depart-
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ment. Specifically, we compared the time of EMS dispatch with
the availability of CT images on a PACS and the time of EMS
dispatch with the time of a radiology report provided to the neu-
rologist between MSU and conventional pathway groups.

MATERIALS AND METHODS

Mobile Stroke Unit

Our MSU is a new-generation ambulance with an on-board Cere-
Tom CT scanner (NeuroLogica, Danvers, Massachusetts). CT im-
ages are transferred to the hospital-based PACS system via a Health
Insurance Portability and Accountability Act—compliant, 4G net-
work cloud-based system for a radiologist’s interpretation. Teleneu-
rology capabilities allow real-time remote examination of the patient
by a stroke neurologist. The on-board MSU team includes a stroke-
trained nurse who can deliver tPA in the field under the direction of
the remote stroke neurologist, as well as a CT technologist, para-
medic, and an emergency medical technician.

Prehospital Stroke Alerts

Current stroke guidelines indicate that when an emergency med-
ical technician suspects that a patient is having an acute ischemic
stroke on prehospital assessment, that emergency medical techni-
cian should contact the receiving emergency department to alert
them that the patient is a “prehospital stroke alert.” This results in
a streamlined patient work-up on arrival to the emergency de-
partment. Every other week, if the EMS dispatcher suspects acute
ischemic stroke based on the initial call, then our MSU is dis-
patched simultaneously with the standard EMS service in our re-
gion. If on arrival to the scene, the patient is deemed a potential
tPA candidate, the MSU assumes control of the patient’s trans-
portand care. If the patient is not a tPA candidate, the MSU leaves

AINR Am J Neuroradiol @@ @ 2018  www.ajnr.org 1

Copyright 2018 by American Society of Neuroradiology.


https://orcid.org/0000-0003-4053-6304
https://orcid.org/0000-0003-2068-1096
https://orcid.org/0000-0002-6043-3671
https://orcid.org/0000-0003-2152-5431
https://orcid.org/0000-0003-1561-3611
https://orcid.org/0000-0002-6383-2598

Table 1: Mean times from dispatch to images viewable on PACS
and dispatch to report

MsuU Control
Time (min) Mean SD Mean SD Difference P Value
PACS time 21 5.7 44 463 23 <.001
Report time 34 8.8 55 471 21 <.001

Table 2: Group differences in imaging times related to treatment
benchmarks

PACS Time Report Time
Time MSU Control PValue MSU Control P Value
<30 min  96% 40% <.001 40% 4% <.001
<lhr 100% 90% .057 100% 78% <.001
>1hr 0% 10% .057 0% 18% <.001

the scene and control of patient care defaults to the conventional
EMS provider. On alternating weeks, the MSU is used in a neigh-
boring metropolitan area.

Institutional review board permission for this study was ob-
tained. Consecutive patients identified as prehospital stroke alerts
during weeks when the MSU was operating locally from the pro-
spectively maintained stroke alert data base were included. Con-
trol stroke-alert patients presenting from the same geographic
region during weeks that the MSU was not running locally were
selected from the data base on the basis of prehospital stroke-alert
status and were matched for day of the week and time of day.

Time from the EMS dispatch to time of image availability in a
PACS (PACS time) and time from EMS dispatch to time of a
radiologist’s verbal communication of results to the stroke neu-
rologist (report time) were compared between the MSU and con-
trol patient groups. The difference between PACS time and report
time represents the time during which the radiologist opens and
interprets the CT scan and verbally communicates the findings via
the dedicated physician-to-physician communication service (the
“DocLine”) of the hospital. Descriptive statistics between MSU
and control patients were compared using a Student ¢ test. Cate-
goric group differences in meeting critical benchmarks were com-
pared using a Fisher exact test.

RESULTS
Ninety-seven patients from January 2016 through September
2016 were included for analysis, including 47 consecutive patients
imaged via the MSU and 50 control patients imaged via the con-
ventional in-hospital pathway. Mean times of dispatch to images
viewable on the PACS were 21 minutes and 44 minutes in MSU
and control groups, respectively (P < .001). Mean times of dis-
patch to the radiology report were 34 minutes and 54 minutes,
respectively (P < .001) (Table 1). SDs for both image and report
times were smaller in the MSU group compared with controls.
Other key time metrics were also significantly shorter in the
MSU group (Table 2). In the MSU group, images were visible on
the PACS within 30 and 60 minutes in 98% and 100% of cases,
respectively, compared with 40% and 90% of cases, respectively,
in the control group. Similarly, in the MSU group, radiologists’
reports were given to the stroke neurologist within 30 minutes
and 60 minutes in 40% and 100% of cases, respectively, compared
with only 4% and 78% in the control group. The MSU pathway
was significantly more likely to get images to the PACS within 30
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minutes and to provide a report within 60 minutes of dispatch
compared with controls (P < .001). Mean differences between
PACS time and report time between the MSU and control groups,
13 and 11 minutes, respectively, were similar. It is not surprising
that CT interpretation and reporting are streamlined in both
MSU and conventional stroke-alert pathways.

DISCUSSION

This study demonstrates the considerable impact that the MSU
can have on key imaging metrics within the stroke-alert treatment
pathway, and it is the first to demonstrate this impact in a US
market. Walter et al® performed a similar study in Homburg,
Germany, also with week-on and week-off pseudorandomiza-
tion.” That study showed a reduction of PACS time by 41 minutes
from 97 to 56 minutes. In both studies, the PACS time was re-
duced by roughly half (43% in the Homburg study and 52% in
our study). The MSU facilitated provision of actionable reports
within 60 minutes of dispatch, the so-called “golden hour,” in
100% of patients compared with only 78% in the control group.
Tighter SDs of image and report times in the MSU group suggest
decreased variability and greater reliability of imaging and report-
ing within a given timeframe. Anecdotally, earlier CT results and
examination by a neurologist facilitated by the MSU have been
associated with commensurate improvements in the timeliness of
tPA administration. However, the data describing the impact of
the MSU on tPA utilization, expediency, and clinical outcomes
are currently being collected and will be addressed in subsequent
studies.

The mobile stroke unit may represent a paradigm shift in the
treatment pathway for acute stroke and presents an opportunity
to consider new ways in which health care can be delivered. There
may be an even greater impact as the MSU is deployed to more
widely distributed geographic regions. Patients from rural com-
munities face distinct limitations and challenges in acute ischemic
stroke care, some of which have been addressed by novel
telestroke services.>” Patients from these communities not only
contend with the decreased effectiveness of thrombolytic therapy
resulting from delayed tPA administration secondary to the in-
herently longer travel times, but rural patients are also more often
excluded from thrombolytic therapy entirely due to this delay.
The MSU, it is hoped, should result in fewer patients being ex-
cluded from thrombolytic treatment due to time constraints.
Thus, the MSU may represent an important step toward a more
equitable distribution of health care delivery services across dif-
ferent demographic populations.

CONCLUSIONS

This study demonstrates the ability of a mobile stroke unit system
to significantly reduce the time elapsed from EMS dispatch to the
availability of CT acquisition and reporting. The MSU also signif-
icantly impacted the ability of a neurologist to receive an action-
able radiology report within 60 minutes of dispatch. We expect
that commensurate improvements in tPA delivery times and,
ultimately, patient outcomes will be borne out in subsequent
studies. Further additional questions will include the economic
impact and cost effectiveness of the MSU in reducing the consid-
erable cost that ischemic stroke inflicts on society.
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