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Time is Brain!

Neurons 
Lost

Synapses 
Lost

Accelerated 
Aging

Per Stroke 1.2 billion 8.3 trillion 36 yrs

Per Hour 120 million 830 billion 3.6 yrs

Per Minute 1.9 million 14 billion 3.1 weeks

Per Second 32,000 230 million 8.7 hrs

(Total number of neurons in the average human brain is 130 billion)
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Hyperacute Stroke Treatment
Decisions Hinge on the CT Scan



- Cleveland Clinic MSU became operational on July 18, 2014
- Our MSU is active 12 hours daily 7 days a week from 8 am to 8 pm
- Mobile CT, Portable point-of-care Lab equipment, Telemedicine 

system
- On board team consists of a critical care nurse, paramedic, 

emergency medical technician, and CT technologist
- A vascular neurologist evaluates patients via telemedicine, and a 

neuroradiologist remotely assesses CT/CTA images
- Thrombolysis decision-making and initiation occurs during transport

Cleveland Clinic Mobile Stroke Unit

Bringing Stroke Expertise to the Patient

Middleburg Hts, OH

Euclid, OH

Maple Hts, OH

Valley View, OH

Lakewood, OH

11 Municipalities; Excess of 590,000 in population covered



Portable CT Scanner:  
CereTom, Neurologica, Inc. 
(Samsung)

Telemdedicine equipment: 
InTouch Xpress (InTouch Health) 

INR: CoaguChek
XS Pro, Roche 
Diagnostics; 
Chemistry: i-STAT 
System, Abbott 
Laboratories

Program Operations - Clinical
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MSTU Operation

Stroke Severity and Patient Preference Destination Model

 Patient Condition identifies Hospital resources needed to effectuate subsequent care
 Patient Transport effectuated to nearest Hospital with clinical resources available 

to meet care needs
 Patient request will override the default mechanism (Care Continuity, Community 

Preference)
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CCF MSTU Outcomes Study

• A mobile stroke unit (MSU) can 
shorten the time to thrombolytic 
therapy in patients with ischemic 
stroke

Itrat et al. JAMA Neurology, 2016
Ebinger et al. JAMA Neurology, 2015
Walter et al. The Lancet Neurology, 2012

Methods

• We reviewed patients received tPA from 2014 to 2017

Patients evaluated on MSU
and transported to Cleveland 

Clinic

Patients transported to 
Cleveland Clinic EDs directly 

via Emergency Medical 
Services (EMS)  VS



Methods

• Primary outcomes:
- 90-day modified Rankin Scale (mRS) score of 0-1

• Secondary outcomes: 
- 90-day mRS of 0-2
- Mortality at 7day or 90 day
- Symptomatic Intracranial hemorrhage (sICH)

• 90-day mRS was assessed by standardized telephone interview 
and reviewing medical records

Results
Demographics

MSU patients had a higher rate of female gender, Afib and EVT

Variables EMS group (n=169) MSU group (n=93) P Value

Age, median (IQR) 72 (60-83) 66 (56-81) 0.075

Female gender, n (%) 77 (45.6%) 54 (58.1%) 0.053

Risk factors, n (%)

Hypertension, n (%) 142 (84.0%) 79 (84.9%) 0.844

Diabetes, n (%) 57 (33.7%) 26 (28.0%) 0.337

Atrial fibrillation, n (%) 49 (29.0%) 49 (47.3%) 0.003

Premorbid mRS of 0-1, n (%) 121 (71.6%) 62 (66.7%) 0.405

Initial NIHSS, median (IQR) 9 (5-15) 11 (7-17) 0.386

Endovascular treatment (EVT), n (%) 19 (11.2) 22 (23.7) 0.008



EMS group 

(n=169)

MSU group 

(n=93)

P Value

Time from onset to tPA, minute, 

median (IQR)

117 (86-157) 83 (59-137) <0.001

Time from onset to tPA within 

90 minutes, n, %

49 (29.0%) 50 (53.8%) <0.001

Results
Time from stroke onset to thrombolysis

MSU patients received IV tPA 34 minutes faster than EMS patients

EMS group 

(n=169)

MSU group 

(n=93)

P Value

Time from onset to tPA, minute, 

median (IQR)

117 (86-157) 83 (59-137) <0.001

Time from onset to tPA within 

90 minutes, n, %

49 (29.0%) 50 (53.8%) <0.001

Results
Time from stroke onset to thrombolysis

54% of MSU patients received IV tPA within 90 minutes 
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There was no significance in unadjusted analysis (P=0.129)
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Results
Binary logistic regression analysis (90-day mRS 0-1 vs mRS 2-6)

Thrombolysis on MSU was significantly associated with 90-day mRS of 0-1 

Variables Odds Ratio 95% CI P value

Age 0.97 0.95-0.99 0.011

Female 0.76 0.40-1.44 0.397

Initial NIHSS 0.86 0.80-0.91 <0.001

Premorbid mRS of 0-1 13.2 4.38-39.9 <0.001

Atrial fibrillation 0.52 0.24-1.11 0.089

EVT 2.37 0.88-6.34 0.087

MSU 2.06 1.01-4.19 0.046

Conclusions

• Pre-hospital thrombolysis on the Cleveland 
Clinic MSU shortened the time to thrombolytic 
treatment compared to conventional EMS care

• Cleveland Clinic MSU care was associated with 
improved functional outcomes in patients with 
acute ischemic stroke
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