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Introduction
Rapid diagnostic evaluation is essential to the effective treatment 

of acute ischemic stroke (AIS). Intravenous tissue plasminogen 
activator (IV-tPA) has the potential to minimize or eliminate long term 
disability of a patient who has suffered an ischemic stroke [1]. IV-tPA, 
however, is only FDA approved for administration within three hours 
of stroke onset [2]. Alternately, IV-tPA may be used off‐label up to four 
and a half hours from stroke symptom onset [3]. In either case, time is 
critical for stroke patients and diagnostic imaging must be performed 
rapidly. Head CT can be performed quickly and is the standard of 
care when patients present acutely with symptoms suspicious for AIS. 
This mode of imaging, however, is not sensitive in detecting AIS and 
is primarily used to eliminate the possibility of a hemorrhage [4]. The 
use of CT alone in patients presenting with acute stroke-like symptoms 
can create an opportunity for stroke misdiagnosis to occur [5]. Stroke 
misdiagnosis may occur when a patient presents with a stroke mimic, 
which may be identified in up to 30 percent of patients who present 
with acute onset of neurological symptoms [6]. Although studies show 
that IV-tPA may be administered relatively safely in stroke mimics 
[5,7], this treatment exposes the healthcare system to the unnecessary 
cost of tPA, hospitalization, and post-IV-tPA monitoring, typically in 
an intensive care unit [8]. Intravenous thrombolytic therapy has been 
shown to be safe and cost-effective for the treatment of AIS [9,10]. 
Although a recent study has shown that it is safe to administer IV-tPA 
to stroke mimics [11], impact of this on the health-care system remains 
unknown.

Since MRI has the capability to detect AIS and to effectively 
exclude stroke mimics, it is a valuable tool in the management of AIS. 

Although MRI is the most sensitive test for AIS [12], the time required 
for a comprehensive brain MRI may delay treatment to stroke patients 
or put the patient outside the therapeutic window for IV-tPA. Delays 
in IV-tPA therapy should be minimized, as patients receiving the 
treatment earlier tend to have more favorable outcomes [13]. Recent 
studies have demonstrated the value of shorter MRI protocols in 
acute stroke [14-17]. To counter the delay created by comprehensive 
MRI, a rapid MRI sequence performed in less than 10 minutes called 
the Brain Attack Team MRI (BAT MRI) has been implemented at 
University of South Carolina-Palmetto Health Stroke Center. The 
purpose of this study was to evaluate the ability of the BAT MRI as a 
clinical tool to select patients for acute stroke treatment (specifically 
IV-tPA) who present acutely with questionable or inconsistent stroke-
like symptoms, such as altered mental status or seizure at onset of
symptoms.

Abstract
Background: Acute stroke teams are challenged by IV-tPA decision making in patients with acute neurological 

symptoms when the diagnosis is unclear. The purpose of this study was to evaluate the ability of the rapid Brain Attack 
Team (BAT) MRI in selecting patients for IV-tPA administration who present acutely to the emergency room with stroke-
like symptoms and an unclear diagnosis.

Methods: Consecutive patients were identified who presented within 4.5 hours of onset of stroke-like  symptoms 
and considered for treatment with IV-tPA. When the diagnosis was not clear, a 9-minute BAT MRI was obtained. Stroke 
risk factors and NIH stroke scale obtained on presentation were compared between patients in whom BAT MRI was 
obtained and those in whom BAT MRI was not obtained. Similarly, comparisons were made between patients in whom 
BAT MRI detected abnormalities and those in whom BAT MRI did not detect abnormalities. BAT MRIs were analyzed to 
determine if radiological findings impacted clinical management and discharge diagnosis. 

Results: In a 30-month period, 432 patients presenting with acute stroke-like symptoms were identified. Of these 
patients, 82 received BAT MRI. Patients receiving BAT MRI were younger, more likely to be smokers, and less likely to 
be selected for IV-tPA administration compared to those in whom a more definitive diagnosis of stroke precluded a BAT 
MRI. Of the 82 BAT MRIs, 25 were read as positive for acute ischemia. The patients with acute ischemia on BAT MRI 
were older, more likely to be males, have a history of hypercholesterolemia and atrial fibrillation, and more likely to be 
selected for IV-tPA administration compared to those with a negative BAT MRI. Of the 57 BAT MRIs read as negative for 
acute ischemia or hemorrhage, discharge diagnoses included TIA, MRI negative stroke, conversion/functional disorder, 
and multiple other illnesses.

Conclusion: In patients with acute stroke-like symptoms, BAT MRI may be used to confirm acute ischemic stroke, 
exclude stroke mimics, and assess candidacy for IV-tPA.
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Methods and Materials
The study was approved by the Institutional Review Board. A 

retrospective chart review was performed in consecutive patients 
who presented within 4.5 hours of onset of stroke-like symptoms and 
a code stroke BAT alert was activated. These patients were assessed 
by a neurologist member of the BAT, for a clear diagnosis of stroke 
vs. an uncertain diagnosis. The decision regarding the diagnosis 
was made on a case by case basis. Patients were assessed for stroke 
symptomatology, stroke risk factors, and stroke severity using NIH 
stroke scale (NIHSS). Patients in whom the stroke diagnosis was 
uncertain underwent a BAT MRI obtained rapidly by a pre-determined 
process implementation. These included patients with acute onset 
neurological signs and symptoms in whom a stroke mimic was 
suspected [6]. The predetermined process implementation included 
adding MRI technicians to the code stroke BAT page, a stat orderable 
called BAT MRI on the computerized physician order entry, the nurse 
filling out the MRI screening sheet, dedicated transport to take the 
patient to the MRI machine and the stroke physician available at the 
MRI console to read the BAT MRI on completion. The data collected 
by chart abstraction included stroke risk factors, information related to 
door-to-needle time (DTN) for IV-tPA administration, and discharge 
diagnoses. Patients in whom a BAT MRI was obtained were compared 
with patients in whom the clinical diagnosis of AIS was clear and a BAT 
MRI was not required to make an IV-tPA administration decision.

The BAT MRIs were performed on a Siemens 1.5 T (Symphony Tim 
B17) or GE 1.5 T (Discovery 450) machine. The sequences included 
diffusion weighted image (DWI), T2 weighted image gradient echo 
imaging (GRE), T2 weighted image axial (T2), and fluid attenuated 
inversion recovery sequence (FLAIR), with the total scan time lasting 
less than ten minutes (Table 1). These BAT MRIs were evaluated for 
ischemia, hemorrhage, and other central nervous system pathologies 
by neuroradiologists and stroke neurologists at the time the scans were 
performed. This MRI is readily available at any time and may be obtained 
selectively for patients in whom a stroke diagnosis is in question. It is 
run in parallel to the IV-tPA selection process. A potential algorithm 
for the use of the BAT MRI is shown in Figure 1. The parameters for the 
sequences were identical to those used in routine complete MRI used 
to evaluate stroke patients. Statistical analysis was performed using 
IBM® SPSS® Statistics Version 19 (Chicago, IL). Stroke risk factors in 
patients with and without BAT MRIs, among those with and without 
evidence of ischemia on BAT MRI, were compared using the t-test for 
continuous variables and Fisher’s Exact Test for categorical variables 
with p-values less than 0.05 being considered as statistically significant. 
Variables not normally distributed are depicted as median (range), 
compared using Mann Whitney U test. The diagnosis at the time of the 
BAT MRI was compared to the discharge diagnosis, and the potential 
role of BAT MRI in IV‐tPA administration decision in each case was 
evaluated.

Results
In the 30 month period between July 2010 and December 2012, 432 

patients (age range 19-99 years; 48% male, 52% female; 50% black, 49% 
white, 1% others) presented within 4.5 hours of symptom onset with 
clinical features suggestive of AIS. Among these 432 patients, in 350 
patients (81%) the clinical diagnosis of stroke was certain and in the 
remaining 82 (19%), the diagnosis of stroke was unclear and a stroke 
mimic was suspected. The patients receiving BAT MRI were younger 
(mean age ± standard deviation=59 ± 15 vs. 65 ± 16; p=0.003), more 
likely to be smokers (44% vs. 25%; p<0.001) and less likely (7% vs. 
27%; p<0.001) to be selected for IV-tPA administration per NINDS 
(<3 hours)/ECASS-III (3-4.5 hours) [17] criteria compared to those 
in whom a more definitive diagnosis of stroke precluded a BAT MRI 
(Table 2). The two groups were similar in gender and race composition, 
prevalence of diabetes, hypercholesterolemia, coronary artery disease, 
atrial fibrillation, history of stroke/TIA and NIHSS assessed on 
presentation.

In the 82 patients, BAT MRI was ordered after the initial non-
contrast head CT was negative for hemorrhage or other acute processes 
(age range 19-93 years; 45% male, 55% female; 53%% black, 46% white, 
1% others). Of the 82 BAT MRIs, 25 were read as positive for acute 

BAT MRI 

Positive        Negative 

Alternative diagnosis 
Follow-up MRI 

Suspected stroke 
 
 
 

IV-tPA pathway 

Acute onset neurological symptoms 
(<4.5 hours) 

Suspected stroke mimic 
Yes No 

Figure 1: Algorithm for acute onset neurological symptoms. 
This algorithm was used to treat patients in the study. It is also the general 
protocol used at Palmetto Health Richland.

Type of Sequence Length of Sequence 
(minutes:seconds)

Localizer 0:09 
DWI 1:30
T2 GRE 1:54
Axial T2 2:54
Axial FLAIR 3:02
Total 8:49 

Table 1: BAT MRI Sequences.

Stroke Risk Factors BAT MRI
(n=82)

No BAT MRI
(n=350)

p-value

Age 59 ± 15 65 ± 16 0.003
Male Gender 45 (55%) 181 (52%) 0.61
Non-White Race 44 (54%) 166 (47%) 0.31
Hypertension 65 (79%) 273 (78%) 0.80
Diabetes 24 (29%) 109 (31%) 0.74
Hypercholesterolemia 31 (38%) 142 (41%) 0.65
Smoking 36 (44%) 86 (25%) <0.001
Coronary Artery 
Disease

13 (16%) 97 (28%) 0.03

Atrial Fibrillation 11 (13%) 79 (23%) 0.07
History of TIA 11 (13%) 35 (10%) 0.37
History of Stroke 23 (28%) 91 (26%) 0.71
NIHSS§ 4 (2-36) 5 (1-35) 0.31
IV-tPA administration 6 (7%) 94 (27%) <0.001

Normally distributed continuous values depicted as mean ± standard deviation, 
compared using a t-test. §Variables not normally distributed are depicted as 
median (range), compared using Mann Whitney U test. Proportions depicted as 
(%), categorical variables compared using Chi-square Test. 
Table 2: Stroke risk factors present in acute stroke patients considered for and not 
considered for BAT MRI.
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stroke (24 with acute ischemia and one positive for ischemia with 
hemorrhage). The patients with acute ischemia on BAT MRI were 
older (mean age ± standard deviation=67 ± 14 vs. 56 ± 14; p=0.003), 
more likely to be males (72% vs. 47%; p=0.04), more likely to have 
hypercholesterolemia (60% vs. 28%; p=0.01), have atrial fibrillation 
(32% vs. 5%; p=0.003) and more likely to be selected for IV-tPA 
administration (24% vs. 0%; p=0.001) compared to those in whom no 
acute ischemia was detected by BAT MRI (Table 3). The two groups 
were similar in race composition, prevalence of hypertension, diabetes, 
smoking, coronary artery disease, history of stroke/ TIA and NIHSS 
assessed on presentation. 

Among the 25 patients with evidence of AIS on MRI, 19 did not 
receive IV-tPA. In one of these 19 patients, a pontine hemorrhage not 
detected on CT was subsequently found on the BAT MRI, excluding 
the potentially harmful use of IV-tPA in the patient. Other patients 
were excluded from receiving IV-tPA for the following reasons: more 
than four and a half hours from symptom onset, positive stroke on 
MRI accompanied by rapidly improving stroke symptoms, or on 
anticoagulation with international normalization ratio (INR) >1.6 
(discovered after rapid MRI performed as point of care INR was not 
available). 

Six of the 25 patients with demonstrated AIS on MRI also met 
NINDS/ECASS-III criteria [18] and received IV-tPA within four and 
half hours of symptom onset. The average DTN for these patients was 
92 min ± 20 min. The overall average DTN at the hospital over the 
same time period was 68 ± 32 minutes. Five out of the six IV-tPA cases 
had DTN time greater than 68 minutes. Overall the BAT MRI added 
an average of 24 minutes to the IV-tPA decision process. In the select 
group of patients, BAT MRI may have modestly increased the time 
to treatment; however, there were many factors at play in these cases. 
These factors are summarized in Table 4. None of the patients became 
ineligible to receive IV-tPA because of the additional time added by 
obtaining the BAT MRI.

Of the 57 BAT MRIs negative for acute stroke, discharge diagnoses 
were as follows: 28 transient ischemic attacks (TIA), 2 MRI negative 
strokes, 14 conversion disorder/functional symptoms, 1 toxic-
metabolic encephalopathy and the remaining 11 represented a myriad 

of other illnesses (Table 5). Of the two MRI negative strokes, one 
patient had persistent minor symptoms and the follow-up complete 
MRI scan was negative and in one patient the follow-up MRI was 
positive for ischemia. Eight out of the fourteen patients diagnosed 
with functional symptoms had a previous psychiatric diagnosis. In all 
of these patients the psychiatric/functional diagnoses were confirmed 
through a formal psychiatry consultation.

Discussion
The use of MRI in acute stroke has been a subject of debate for 

over a decade [19]. Previous studies using various MRI sequence 
combinations and different stroke treatment protocols have 
demonstrated the feasibility of rapid MRI in patients presenting with 
acute stroke-like symptoms [14-17]. These studies have used MRI 

Stroke Risk Factors MRI: Acute 
Ischemia

(n=25)

MRI: No Acute 
Ischemia

(n=57)

p-value

Age 67 ± 14 56 ± 14 0.003
Male Gender 18 (72%) 27 (47%) 0.04
Non-White Race 14 (56%) 30 (53%) 0.78
Hypertension 22 (88%) 43 (75%) 0.20
Diabetes 8 (32%) 16 (28%) 0.72
Hypercholesterolemia 15 (60%) 16 (28%) 0.01 
Smoking 10 (40%) 26 (46%) 0.64
Coronary Artery Disease 4 (16%) 9 (16%) >0.99
Atrial Fibrillation† 8 (32%) 3 (5%) 0.003
History of TIA† 2 (8%) 9 (16%) 0.49
History of Stroke 7 (28%) 16 (28%) >0.99
NIHSS§ 4 (2-26) 4 (2-20) 0.57
IV-tPA administration† 6 (24%) 0 0.001

Normally distributed continuous values depicted as mean ± standard deviation, 
compared using a t-test. §Variables not normally distributed are depicted as median 
(range), compared using Mann Whitney U test. Proportions depicted as (%), 
categorical variables compared using Chi-square test, except when appropriate 
(cell <5), † Fisher’s Exact Test was used. 
Table 3: Stroke risk factors present in patients with acute ischemia and without 
acute ischemia on BAT MRI.

Case 
number

DTN 
(minutes)

Factors contributing to increased DTN

1 119 The patient became unconscious and was intubated for 
airway protection. History from the patient was unavailable 
and family was not at bedside. Consequently, treatment 
was delayed due to intubation and the need for MR 
screening x-rays prior to BAT MRI.

2 110 A delay occurred in the emergency department as the 
appropriate workup was deliberated. The BAT MRI was 
eventually obtained due to a constellation of nonspecific 
symptoms, including nausea, vomiting, right-sided 
weakness, right facial numbness, right facial droop, left-
sided incoordination, double vision, and slurred speech. A 
left cerebellar infarct was detected on BAT MRI.

3 96 The clinical picture suggested post seizure Todd’s 
paralysis. Without the BAT MRI, the patient likely would not 
have received IV-tPA as seizure at onset of symptoms is a 
relative contraindication to tPA administration.

4 89 Patient presented with right hemiparesis and had dementia 
at baseline. BAT MRI was performed due to lack of clear 
stroke diagnosis. The legally authorized representative of 
the patient initially refused IV-tPA treatment but then later 
agreed to proceed with thrombolysis once results of the 
BAT MRI were understood. The decision making process 
added approximately 30 minutes to the DTN time.

5 75 Patient presented with Wernicke’s aphasia and a low 
NIHSS of 4. However, initial assessment in the emergency 
department was “altered mental status” and there was a 
delay in calling the code stroke.

Table 4: Summary reason for delay in DTN in BAT MRI subjects receiving IV-tPA.

Discharge Diagnosis Number of 
Patients (N=82)

MRI: Ischemia Positive Acute Ischemia 24 (29%)
Ischemia + Hemorrhage 1 (1.2%)

MRI: Ischemia Negative Transient Ischemic Attack 28 (34%)
MRI-Negative Stroke 2 (2.4%)
Hemorrhage 2 (2.4%)
Conversion Disorder/ Functional 14 (17%)
Toxic-Metabolic Encephalopathy 1   (1.2%)
Vertigo 1   (1.2%)
Acute Respiratory Failure 1   (1.2%)
Drug Seeking Behavior 1   (1.2%)
Alcohol intoxication 1   (1.2%)
Complex Migraine 1   (1.2%)
Seizure 1   (1.2%)
Bell’s Palsy 1   (1.2%)
Transverse Myelitis 1   (1.2%)
Neoplasm 1   (1.2%)
Trauma 1   (1.2%)

Table 5: Discharge Diagnosis. Percent (%) designates proportion of all diagnoses.
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obtained <6 hours from symptom onset to assess diffusion-perfusion 
mismatch to detect salvageable brain, vascular imaging using MR 
angiography to assess candidacy for acute interventional stroke 
treatment, as well as gradient echo imaging to rule out intracranial 
hemorrhage. However, three recent studies have shown the lack of 
utility of MR diffusion-perfusion mismatch to assess candidacy for 
IV-tPA beyond the 3 hour time frame [20]. Based on these studies, the 
recent acute stroke guidelines dissuade the use of additional imaging 
that may delay treatment with IV thrombolysis [21]. Additionally, 
the MR-RESCUE study showed the lack of utility of MR diffusion-
perfusion mismatch to assess candidacy for interventional stroke 
management [22]. Consistent with these evidence-based guidelines, 
we developed a short, rapid BAT MRI to confirm AIS, exclude stroke 
mimics, and assess candidacy for IV-tPA in select patients in whom 
the diagnosis is not clear. In the prior rapid MRI studies, the image 
acquisition time ranged from five minutes [16] to 12 minutes [17], 
and included magnetic resonance angiography (MRA) and perfusion 
weighted imaging [15-17]. The present study image acquisition time 
was 8 minutes 49 seconds (Table 1). This included DWI, T2 GRE, 
T2 axial, and FLAIR and eliminated MRA and perfusion weighted 
imaging. By using the BAT MRI algorithm and protocol, the DTN 
time for IV-tPA administration was modestly increased in a select 
subgroup of patients presenting with suspect stroke symptoms less 
than four and half hours from symptom onset. 

The present study, unlike previous studies, focused on the capacity 
of the rapid BAT MRI to exclude stroke mimics. Heidenreich et al. 
found that MRI evaluation altered the treatment course in 26% of 
patients [17]. In this study, in a select group of patients, the BAT MRI 
likely altered treatment in 70% of patients (Table 5), as it aided in the 
diagnosis of TIAs and helped exclude stroke mimics in the majority 
of these patients. Additionally in one patient, BAT MRI detected a 
pontine hemorrhage not detected on CT and prevented this patient 
from potential harm from receiving thrombolysis therapy.

There are potential limitations of this study. These include 
physician bias in determining which patients receive the BAT MRI, 
the modest sample size of the study, and the retrospective nature of 
the study. The selection bias is suggested by the fact that the patients 
receiving BAT MRI were younger, more likely to be smokers and less 
likely to be selected for IV-tPA administration compared to those in 
whom a more definitive diagnosis of stroke precluded a BAT MRI 
(Table 2). There is also the possibility that the BAT MRI may miss AIS, 
as evidenced by the two MRI negative strokes. One of these strokes 
was found on follow-up imaging the next day. Overall, the BAT MRI 
was able to detect evidence of ischemia in 30% of patients in whom 
stroke diagnosis was not clear. The patients with acute ischemia on 
BAT MRI were older, more likely to be males, and more likely to have 
hypercholesterolemia and atrial fibrillation (Table 3). These clinical 
features increased the odds of MRI evidence of ischemia and the 
patient receiving IV t-PA.

Additionally, there is the concern that the MRI, though rapid, 
may delay DTN time for patients selected to receive IV-tPA (Table 
4). Though the average DTN time was high in several of the cases in 
this study, the patients would not have been treated without evidence 
of ischemia on the BAT MRI. Treatment occurred within 4.5 hours 
of symptom onset, and it has been demonstrated that treatment in 
this time window significantly improves clinical outcomes [23]. 
Additionally, it is unlikely that the increased DTN time in these cases 
can be attributed only to the BAT MRI. Although there is a basic 
algorithm for use of the BAT MRI (Figure 1), it may be necessary 
to use process improvement strategies to effectively and efficiently 

incorporate the BAT MRI into the t-PA pathway and shorten the DTN 
time. Further studies are needed to determine the cost-effectiveness of 
an MR based thrombolysis protocol in select patients with suspected 
stroke.

Conclusion
In patients with acute stroke-like symptoms, BAT MRI may be 

used to confirm acute ischemic stroke, exclude stroke mimics, and 
assess candidacy for IV-tPA. While BAT MRI may be useful in 
select patients, current guidelines emphasize the use of CT alone to 
avoid delay in the IV-tPA decision making. Hence caution is advised 
regarding ordering an ultrashort MRI scan that may potentially 
delay or exclude appropriate patients from receiving IV-tPA. Further 
studies are needed to confirm our findings. Based on this study, 
implementation of BAT MRI may assist in preventing select patients 
from inadvertently receiving treatment for stroke misdiagnosis. 
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