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Abstract

Background—Aadvances in diagnostic imaging of stroke include multimodal techniques such as
noninvasive angiography and perfusion imaging. We aimed to characterize trends in neuroimaging
utilization among acute stroke patients. Utilization of multimodal imaging for acute stroke in the
community has remained largely uncharacterized despite its increased adoption at academic
medical centers.

Methods—We quantified neuroimaging utilization in the emergency department for 1700
hyperacute stroke patients presenting <2 hours after symptom onset who participated in the
National Institutes of Health Field Administration of Stroke Therapy Magnesium (FAST-MAG)
study throughout Los Angeles and Orange Counties. FAST-MAG provided no recommendation as
to imaging utilization.

Results—1700 cases were imaged a median (Interquartile range: IQR) of 92 (74-120) minutes
after last known well time and 28 (19-41) minutes after ED arrival. The initial scanner used in the
ED was CT in a preponderance of cases (N=1612, 95%), with MRI in 88 cases (5%). CT
angiography was obtained in 192 (11%) and perfusion CT in 91 (5.4%) cases. MRI imaging was
universally obtained using diffusion-weighted images, 60% with MR angiography and 33%
included perfusion imaging. Rates of concomitant CTA or CTP use increased in the later years of
the study from 4% in 2005-2006, 2% in 2007-2008, 8% in 2009-2010 and 26% in 2011-2012 (p
for trend <0.001).

Address for Correspondence: Nerses Sanossian, 1540 Alcazar Street, Suite 209, Los Angeles, CA 90089, Tel: (323) 442-0049,
sanossia@yahoo.com.

Disclosures: David S. Liebeskind: Honoraria from Stryker and Covidien, research funding form the NIH. Sanossian: Honoraria from
Covidien and Genentech, research funding from the Roxanna Todd Hodges Stroke Foundation



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sanossian et al. Page 2

Conclusions—Among acute stroke patients, non-contrast CT was the most common initial
imaging strategy in clinical practice in the 2005-2012 time period, though use of concomitant
CTA grew to one-quarter of cases, suggestive of an upward trend.

Keywords
imaging; prehospital; stroke; emergency medical services

Introduction

Hyperacute stroke patients presenting to the emergency department (ED) within 2 hours of
symptom onset require urgent neuroimaging to determine eligibility for thrombolysis.
Neuroimaging is often repeated during hospitalization for confirmation of diagnosis and
determination of mechanism.2 Over the past decade advances in imaging of stroke include
increasing utilization of multimodal magnetic resonance imaging (MRI) and computed
tomography (CT), which have contributed to a better understanding of cerebrovascular
pathophysiology.3~6 It is not clear how frequently multimodal imaging is used in the ED
during the hyperacute evaluation of stroke in the United States.

Multimodal CT typically includes non-contrast head CT, CT angiogram (CTA) of the head
and neck and in some cases CT perfusion imaging. Multimodal MRI includes standard
sequences such as T1, T2, diffusion-weighted imaging (DW]1), perfusion imaging, fluid-
attenuated inversion recovery (FLAIR), and gradient recalled echo (GRE) sequences
combined with MR angiography of the head and neck.2 These multimodal imaging
modalities have provided stroke care providers with better visualization of the brain and its
vasculature and important information about brain perfusion and tissue viability. Multimodal
imaging of stroke has an important role in selecting therapies most appropriate for a given
patient, considering additional factors such as initial presentation, risk factors, and the
evolution of the disease process.

Despite adoption of multimodal imaging at many academic stroke centers and increasing
publication regarding diagnostic neuroimaging advances in stroke care, the current standard
practice of imaging utilization among hyperactue stroke patients in the community and how
quickly such multimodal imaging modalities are being adopted by hospitals remains unclear.
Description of imaging utilization in the community may highlight practices with potential
for increased standardization, improved efficiency, and reduced costs.

We sought to describe neuroimaging modalities utilized in thrombolysis-eligible cases
presenting to the ED throughout a large urban region encompassing small community and
large academic hospitals. We aimed to better understand the penetration of multimodal
imaging in acute stroke as well as describe trends in diagnostic neuroimaging use over the
past decade. We utilized subjects participating in the Field Administration of Stroke
Therapy-Magnesium (FAST-MAG) trial who received usual care aside from the magnesium
sulfate vs. placebo study agent infusion. The study provided no recommendation as to what
type of imaging should be used. All patients were enrolled <2 hours from symptom onset
and transported to their usual care hospital. Los Angeles and Orange Counties encompass a
large urban area accounting for more than 13 million inhabitants.
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Materials and Methods

Dataset and Study Population

All subjects were participating in the Field Administration of Stroke Therapy Magnesium
trial, a phase 3, National Institutes of Health-sponsored, randomized, placebo-controlled,
clinical trial of field-initiated magnesium sulfate in hyperacute stroke patients within the first
two hours of defined symptom onset.”~2 Randomization was to 4 grams of magnesium
sulfate in the field followed by 16 grams over 24 hours or matched placebo. Participating
sites included 353 ambulances and 59 acute receiving hospitals in the Los Angeles and
Orange Counties with a total of over 3300 paramedics and over 400 Emergency Physicians.
The study was active and recruiting from January 2005 to December 2012.

Subjects were enrolled in the field using explicit informed consent by cell phone from either
the potential subject or a legally authorized representative.1%: 11 After enroliment in the field,
participants were taken to their usual hospital and, other than continuation of the study
agent, usual care was provided. Inclusion criteria included the patient having a suspected
stroke identified by the Los Angeles Prehospital Stroke Screen (LAPSS), being of the ages
40-95, inclusive, having a last known well time within 2 hours of treatment with the study
drug, and having a deficit present for 15 minutes or longer. Relevant exclusion criteria
included the patient being in a coma; having a rapidly improving neurologic deficit; or
having a pre-existing neurologic, psychiatric, or advanced systemic disease that would
confound the neurological or functional outcome evaluations. The 59 receiving hospitals
included a few academic medical centers (University of California Los Angeles [UCLA],
Los Angeles County + University of Southern California [LAC+USC], University of
California Irvine [UCI] medical centers), hospitals with training programs (Cedars-Sinali,
Huntington Memorial, and Hoag Harbor-UCLA, Olive-View UCLA), and a majority of
community centers.

Quantifying Neuroimaging Utilization
All neuroimaging utilization in the ED was quantified for each subject into categories as CT
and MRI. For the CT imaging group, data was collected on whether CT angiography was
performed and whether perfusion imaging was performed. If MRI was obtained in the ED,
all imaging sequences performed were recorded. There was no recommendation as to what
type of imaging should be utilized. All subsequent imaging obtained throughout
hospitalization was recorded along with a date and time of first image acquisition of each
study.

Statistical Analysis

The number and proportion of total cases who first received non-contrast CT, CT
angiography (CTA), CT perfusion, and MRI were determined. Mean time from ED arrival to
imaging acquisition was compared between acute MRI and CT using t-test. Rates of
multimodal imaging utilization for CT and MRI by year were compared by ANOVA, and
rates of multimodal imaging in primary certified stroke centers vs. non-stroke centers from
2005-2012 were also calculated and compared.
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Study Population

There were 1700 consecutive cases with a mean age was 69+13 years and 42.6% were
women. Final diagnoses of the qualifying event were cerebral ischemia in 73.3%,
intracranial hemorrhage in 22.8%, and cerebrovascular disease mimic in 3.9%. Initial
assessment in the field by paramedics was a median of 23 minutes (IQR 14-42) after last
known well (LKW) time. The median time from LKW to start of study infusion was 45
minutes (IQR 35-62). Subjects were transported to 59 hospitals in southern California
(Figure 1), arriving in the ED 58 minutes (IQR 46—79) minutes after LKW.

Neuroimaging Utilization

Initial imaging obtained in the ED was CT in a majority of cases, (Table 1, N=1612, 95%)
and MRI in 88 cases (5%). Parenchymal CT scan was almost always performed without
contrast and most commonly as the only study obtained in the ED. CT angiography was
obtained in 192 (11%) and perfusion CT in 91 (5.4%). When CT perfusion was performed,
it was combined with CTA 80% of the time (n=72). MR imaging was universally obtained
using diffusion-weighted sequences, accompanied by MR angiography 60%, and MR
perfusion 33% of the time.

The 1700 cases were imaged at a median (IQR) of 92 (74-120) minutes after last known
well time and 28 (19-41) minutes after ED arrival. Mean time from ED arrival to imaging
acquisition was significantly longer for acute MRI than CT (56 vs. 25 minutes, p=0.030). A
majority of patients with a final diagnosis of ischemic stroke (n=859, 69%) received MRI at
some point during admission. The majority of MRI scans in the study were not obtained
urgently, at a mean (SD) 21.0 (20.9) and median (IQR) 18 (7-27) hours after ED arrival.

Rates of multimodal (non-contrast CT plus CTA and/or CTP) CT imaging utilization
increased in the later years of the study from 4% in 2005-2006, 2% in 2007-2008, 8% in
2009-2010 and 26% in 2011-2012 (p <0.001, Figure 2). There was no change in rates of
multimodal MRI imaging as one academic medical center accounted for >80% of all studies.
In the subgroup of MRI cases obtained outside this one academic medical center (n=17),
there was no increase in use over the study period.. When combining multimodal CT
utilization with multimodal MRI utilization, a total of 294 cases (17%) had any form of
multimodal imaging in the ED evaluation of acute stroke (Table 1). Cases with multimodal
imaging were more likely to be evaluated at a hospital designated as a PSC, were imaged
sooner, had more severe stroke, and were more likely to be treated with tPA (tissue
plasminogen activator) and receive endovascular therapies. Multimodal imaging was more
common in the subset of ischemic stroke cases treated with intravenous tPA (148/450, 33%)
and endovascular therapy (43/76, 57%). During the period of study, rates of multimodal
imaging in the subgroup of tPA-treated cases increased (11% 2005-2006, 11% 2007-2008,
27% 2009-2010, 53% 2011-2012, P<0.001).

In an analysis of multimodal imaging use in certified primary stroke centers (PSCs) vs. non-
stroke centers from 2005-2012, we found that rates of multimodal imaging in PSCs were
significantly higher than non-stroke centers from 2005-2010 (2005-2006: p < 0.001, 2007-
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2008: p < 0.001, 2009-2010: p < 0.004). However, in the 2011-2012 period, the proportion
of patients who received multimodal imaging in both primary stroke centers and non-stroke
centers was comparable (p= 0.903) (Figure 3).

Discussion

The primary goals of imaging in the evaluation of acute ischemic stroke beyond the use of a
routine non-contrast CT scan should be to 1) exclude the presence of hemorrhage, 2)
identify the presence of an intravascular thrombus eligible for treatment with thrombolysis
or thrombectomy, 3) demonstrate the presence and size of a core of irreversibly infarcted
tissue and 4) identify the penumbra or hypoperfused tissue at risk for infarction unless
perfusion is restored in a timely manner.12 TPA administration in the setting of acute stroke
is highly time-sensitive, as previous research has demonstrated that reduced time from
symptom onset to reperfusion with endovascular therapies is highly associated with better
clinical outcome.13 It therefore becomes important to consider the ability of multimodal
imaging to guide or change management, limit complications, or improve efficacy when
determining whether multimodal imaging is necessary in the evaluation and treatment of an
acute stroke patient pending endovascular therapy. In the recent 2015 American Heart
Association/American Stroke Association Focused Update of the 2013 Guidelines for the
Early Management of Patients With Acute Ischemic Stroke Regarding Endovascular
Treatment, it strongly recommends a noninvasive intracranial vascular study during the
initial imaging evaluation only if it does not delay IV TPA administration. Otherwise,
initiating 1V tPA before noninvasive vascular imaging is recommended and such imaging
should be obtained as soon as possible following administration.14 With literature validating
the use of clinical scores and screening tools to evaluate stroke patients and further expedite
care and mobilize resources, the judicious use of multimodal imaging becomes imperative in
ensuring good outcomes in patients eligible for endovascular therapies.1®

There has been recent interest in the use of multimodal CT imaging in acute ischemic stroke
patients. Certain studies suggest that perfusion CT can provide accurate markers of tissue
viability and help predict the degree of improvement following reperfusion, with the
potential to add relevant clinical information compared with only non-contrast CT and
CTA.16.17 Another recent study using baseline Alberta Stroke Program Early CT Score
(ASPECTS) applied to CT angiography source images (CTA-SI) strongly predicted futile
recanalization, thus carrying the potential to affect treatment decisions regarding the
indication for revascularization therapies in particular cases.1® However, the American Heart
Association/American Stroke Association states that, at this time, the benefits of additional
imaging beyond CT and CTA, such as CT perfusion, in selecting patients for endovascular
therapy is still not well characterized and merits further research.14 While our investigation
cannot comment on the reasons for which perfusion CT and CTA were used emergently in
acute stroke patients, this investigation observed a significant increase in the proportion of
acute ischemic stroke patients receiving CTA and perfusion CT over the past decade in the
Southern California region. Therefore, while non-contrast CT was still the most frequently
used initial imaging modality, the use of CTA and perfusion CT has been gaining popularity.

J Neuroimaging. Author manuscript; available in PMC 2018 January 01.
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Previous studies have suggested that because MRI is more sensitive than CT for detection of
acute ischemia, it should be the preferred test for accurate diagnosis of patients referred for
emergency assessment of suspected acute stroke.1%, Recommendations by the American
Heart Association favored routine use of MR-DW!I or CTA over non-contrast CT alone for
acute stroke patients given no subsequent delay of 1V tPA administration.12 Increased
implementation of standardized, rapid stroke MRI protocols among stroke care teams may
minimize utilization of resources, while remaining a feasible and effective option for
appropriately diagnosing and treating the patient. 20 Despite these more favorable
recommendations regarding MRI or CTA use among stroke patients, our study revealed that
non-contrast CT alone remained the most frequently used initial imaging modality. It is
likely that the widespread use of MRI in the emergent evaluation of acute stroke patients
currently remains impractical due to the cost of the scans and its decreased availability in
many community centers. In addition, the use of MRI may be impractical when evaluating
an unstable patient with a large intracerebral hemorrhage (ICH), particularly if scan times
are lengthy. Stroke teams comprised of multiple neurologist subspecialists or radiologists are
likewise more impractical to assemble outside of large academic institutions, thereby
decreasing the feasibility of implementing standardized, rapid stroke protocols. Those
patients with pacemakers, claustrophobia, or other contraindications to MRI would also be
unable to obtain the scan, further precluding its emergent use in acute stroke patients. Until
MRI scans become more cost-effective and equally as or more rapid than CT, there will
likely be several barriers preventing its widespread use in the evaluation of acute stroke.

In agreement with previous research, we also found a significant trend of increased rates of
CTA and CT perfusion in the setting of acute ischemic stroke over the past decade, including
in the subgroup of patients treated with 1V tPA. 8 22 However, our study revealed no
significant increase in the use of multimodal MRI from 2005-2012, differing from other
studies that suggest an increased use of MR angiography and diffusion-weighted MRI. 22: 23
Our finding may differ in this manner because one academic medical center accounted for
>80% of all multimodal MR imaging studies. This finding may reflect the low rate of
adoption of multimodal MR imaging in a majority of community hospitals in the geographic
area of study.

Primary stroke centers (PSCs) had an overall greater rate of multimodal imaging use among
hyperacute stroke patients than non-stroke centers from 2005-2012, though in the period
2011-2012, the proportion of patients who received multimodal imaging were comparable
between PSCs and non-stroke centers. Multimodal imaging has the potential to more
accurately evaluate those patients with acute stroke who are eligible for endovascular
therapy and may also have more successful outcomes after thrombectomy, facilitating
improved therapeutic decision-making with these noninvasive studies.24 25 While rates of
multimodal imaging use continue to be relatively low, their increase over the last decade
may reflect a trend toward their use for not only diagnostic purposes, but also therapeutic
decision-making in the thrombectomy era.

In Los Angeles County after November 2009, patients were transported by paramedics to the
nearest certified stroke center instead of being routed to the nearest community hospital.
Because the criteria for being routed to a stroke center were similar to the inclusion and
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exclusion criteria of this investigation, following November 2009, most of the data on
neuroimaging utilization reflected the practice of these stroke centers, and thus this study
may lack information on neuroimaging utilization among stroke patients in non-stroke
center community hospitals after 2009. We also recognize the low stroke mimic rate
observed in this study as another limitation. The stroke mimic rate in this study was 3.9%,
which is likely artificially low due to the screening criteria of the FAST-MAG study and the
use of stroke neurologist-led consent over telephone. The low stroke mimic rate is therefore
less representative of the population seen and evaluated in most communities for possible
stroke, where stroke mimics are much more common. Nevertheless, given the large sample
size and the inclusion of a representative number of academic medical centers, hospitals
with training programs, and a majority of community centers, we still believe that the study
population has many similarities to the general population with hyperacute stroke.

Despite the frequent discussions of improved applications for advanced, multimodal imaging
use in acute ischemic stroke patients, particularly the use of perfusion studies and specific
MRI sequences, low rates of multimodal CT and MRI imaging of acute stroke reflect
practice in the community of Los Angeles and Orange Counties, and likely throughout the
country. 26: 27 Non-contrast CT alone remains the most frequently used acute brain imaging
modality, utilized in >90% of stroke patients presenting <2 hours of onset. Less than a
quarter of the centers obtained any type of multimodal imaging during the time the patient
was in the emergency room. While diagnostic neuroimaging has made advances in recent
years, stroke care teams can better implement these techniques with more precise definition
of imaging protocols and increased standardization. 21 Standardization of neuroimaging
practices serves as a potential area for improving the efficiency of stroke care among
community medical centers in Southern California.

Acknowledgments

Study was funded by NIH grant

Funding Sources: Supported by NIH-NINDS Award UO1 NS 44364

References

1. Jauch EC, Saver JL, Adams HP Jr, et al. Guidelines for the early management of patients with acute
ischemic stroke: a guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2013; 44:870-947. [PubMed: 23370205]

2. Nour M, Liebeskind DS. Brain imaging in stroke: insight beyond diagnosis. Neurotherapeutics: the
journal of the American Society for Experimental NeuroTherapeutics. 2011; 8:330-339. [PubMed:
21556679]

3. Dubey P, Pandey S, Moonis G. Acute stroke imaging: recent updates. Stroke research and treatment.
2013; 2013:767212. [PubMed: 23970999]

4. Schramm P, Schellinger PD, Fiebach JB, et al. Comparison of CT and CT angiography source
images with diffusion-weighted imaging in patients with acute stroke within 6 hours after onset.
Stroke; a journal of cerebral circulation. 2002; 33:2426-2432.

5. Tarpley J, Franc D, Tansy AP, Liebeskind DS. Use of perfusion imaging and other imaging
techniques to assess risks/benefits of acute stroke interventions. Current atherosclerosis reports.
2013; 15:336. [PubMed: 23666875]

J Neuroimaging. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sanossian et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 8

. Vagal A, Meganathan K, Kleindorfer DO, Adeoye O, Hornung R, Khatri P. Increasing use of

computed tomographic perfusion and computed tomographic angiograms in acute ischemic stroke
from 2006 to 2010. Stroke; a journal of cerebral circulation. 2014; 45:1029-1034.

. Saver JL, Starkman S, Eckstein M, et al. Methodology of the Field Administration of Stroke

Therapy - Magnesium (FAST-MAG) phase 3 trial: Part 2 - prehospital study methods. Int J Stroke.
2014; 9:220-225. [PubMed: 24444117]

. Saver JL, Starkman S, Eckstein M, et al. Methodology of the Field Administration of Stroke

Therapy - Magnesium (FAST-MAG) phase 3 trial: Part 1 - rationale and general methods. Int J
Stroke. 2014; 9:215-219. [PubMed: 24444116]

. Saver JL, Starkman S, Eckstein M, et al. Prehospital use of magnesium sulfate as neuroprotection in

acute stroke. N Engl J Med. 2015; 372:528-536. [PubMed: 25651247]

. Sanossian N, Starkman S, Liebeskind DS, et al. Simultaneous ring voice-over-Internet phone
system enables rapid physician elicitation of explicit informed consent in prehospital stroke
treatment trials. Cerebrovasc Dis. 2009; 28:539-544. [PubMed: 19844092]

Sanossian N, Starkman S, Eckstein M, et al. Intercontinental elicitation of informed consent for
enrollment in stroke research. Cerebrovasc Dis. 2010; 30:323-324. [PubMed: 20664268]

Latchaw RE, Alberts MJ, Lev MH, et al. Recommendations for imaging of acute ischemic stroke: a
scientific statement from the American Heart Association. Stroke; a journal of cerebral circulation.
2009; 40:3646-3678.

Hacke W, Donnan G, Fieschi C, et al. Association of outcome with early stroke treatment: pooled
analysis of ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet. 2004; 363:768-774.
[PubMed: 15016487]

Powers WJ, Derdeyn CP, Biller J, et al. 2015 American Heart Association/American Stroke
Association Focused Update of the 2013 Guidelines for the Early Management of Patients With
Acute Ischemic Stroke Regarding Endovascular Treatment: A Guideline for Healthcare
Professionals From the American Heart Association/American Stroke Association. Stroke; a
journal of cerebral circulation. 2015; 46:3020-3035.

Teleb MS, Ver Hage A, Carter J, Jayaraman MV, McTaggart RA. Stroke vision, aphasia, neglect
(VAN) assessment-a novel emergent large vessel occlusion screening tool: pilot study and
comparison with current clinical severity indices. J Neurointerv Surg. 2016

Kawiorski MM, Vicente A, Lourido D, et al. Good Clinical and Radiological Correlation from
Standard Perfusion Computed Tomography Accurately Identifies Salvageable Tissue in Ischemic
Stroke. Journal of stroke and cerebrovascular diseases: the official journal of National Stroke
Association. 2016

Zhu G, Michel P, Aghaebrahim A, et al. Computed tomography workup of patients suspected of
acute ischemic stroke: perfusion computed tomography adds value compared with clinical
evaluation, noncontrast computed tomography, and computed tomography angiogram in terms of
predicting outcome. Stroke; a journal of cerebral circulation. 2013; 44:1049-1055.

Kawiorski MM, Martinez-Sanchez P, Garcia-Pastor A, et al. Alberta Stroke Program Early CT
Score applied to CT angiography source images is a strong predictor of futile recanalization in
acute ischemic stroke. Neuroradiology. 2016

Chalela JA, Kidwell CS, Nentwich LM, et al. Magnetic resonance imaging and computed
tomography in emergency assessment of patients with suspected acute stroke: a prospective
comparison. Lancet. 2007; 369:293-298. [PubMed: 17258669]

Schellinger PD, Jansen O, Fiebach JB, et al. Feasibility and practicality of MR imaging of stroke in
the management of hyperacute cerebral ischemia. AJNR American journal of neuroradiology.
2000; 21:1184-1189. [PubMed: 10954266]

Leiva-Salinas C, Wintermark M. The future of stroke imaging: what we need and how to get to it.
Stroke; a journal of cerebral circulation. 2010; 41:S152-153.

Tanne D, Koton S, Molshazki N, et al. Trends in management and outcome of hospitalized patients
with acute stroke and transient ischemic attack: the National Acute Stroke Israeli (NASIS) registry.
Stroke; a journal of cerebral circulation. 2012; 43:2136-2141.

J Neuroimaging. Author manuscript; available in PMC 2018 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sanossian et al.

23.

24.

25.

26.

27.

Page 9

Camilo O, Goldstein LB. Statewide assessment of hospital-based stroke prevention and treatment
services in North Carolina: changes over the last 5 years. Stroke; a journal of cerebral circulation.
2003; 34:2945-2950.

Gasparian GG, Sanossian N, Shiroishi MS, Liebeskind DS. Imaging of occlusive thrombi in acute
ischemic stroke. Int J Stroke. 2015; 10:298-305. [PubMed: 25545291]

Espinosa de Rueda M, Parrilla G, Manzano-Fernandez S, et al. Combined Multimodal Computed
Tomography Score Correlates With Futile Recanalization After Thrombectomy in Patients With
Acute Stroke. Stroke; a journal of cerebral circulation. 2015; 46:2517-2522.

Liebeskind DS, Alexandrov AV. Advanced multimodal CT/MRI approaches to hyperacute stroke
diagnosis, treatment, and monitoring. Annals of the New York Academy of Sciences. 2012;
1268:1-7. [PubMed: 22994214]

Song SS. Advanced imaging in acute ischemic stroke. Seminars in neurology. 2013; 33:436-440.
[PubMed: 24504605]

J Neuroimaging. Author manuscript; available in PMC 2018 January 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duoasnuepy Joyiny

Sanossian et al.

i |

-

seauj

Figure 1.

Page 10

Map of participating hospitals in Los Angeles and Orange Counties in the National Institutes
of Health Field Administration of Stroke Therapy Magnesium investigation
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Rates of Multimodal Imaging by Year
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Figure2.

Proportion of patients receiving multimodal imaging, including Magnetic Resonance
Imaging (MRI), Computed tomography (CT) perfusion and CT angiography (CTA), by year

from 2005-2012
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Figure 3.

Proportion of patients receiving multimodal imaging, including Magnetic Resonance
Imaging (MRI), Computed tomography (CT) perfusion and CT angiography (CTA), in
certified primary stroke centers (PSCs) vs. non-stroke centers from 2005-2012
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Table 1

Characteristics of patients who underwent multimodal imaging vs. those with non-contrast CT

Multimodal Imaging (n=294) | Non-Contrast CT (n=1406) | Significance
Age (years, SD) 69 (13) 69 (24) 0.547
Gender 45% 42% 0.323
White race 75% 79% 0.208
Latino Ethnicity 18% 25% 0.013
Minutes LKWT to ED [median, IQR] 59 [46-79] 58 [46-81] 0.560
Minutes ED arrival to imaging [median, IQR] | 27 [19-40], mean 34 31 [20-39] 0.011

mean 47

NIHSS in the ED [median, IQR] 9 [3-18] 8 [3-16] 0.013

mean 10.0 mean 11.6
Evaluated at PSC hospital * 248 (85%) 613 (44%) 0.001
Number treated with 1V thrombolysis 149 (51%) 305 (22%) 0.001
Endovascular therapy 43 (14.6%) 33 (2.3%) 0.001
Time to treatment (mean, SD) 78 (32) minutes 92 (39) minutes 0.001

Page 13

*
at the time of enrollment the destination hospital was certified as a primary stroke center (PSC) by the Joint Commission or Det Norske Veritas

SD: standard deviation, ED: Emergency Department, IQR: interquartile range, LKWT: last known well time
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