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Abstract

Background: The recently published multicenter randomized DAWN trial confirmed greater
outcome benefit of endovascular therapy (ET) for anterior circulation large vessel occlusion
ischemic stroke from 6 to 24 h from symptom onset compared to medical management in
patients selected by advanced imaging with MRI or perfusion CT to identify mismatch be-
tween clinical deficit and infarct volume, which represents salvageable penumbra. The debate
of CT over MRI is usually the potentially increase time consumption and the difficulty in es-
tablishing an adequate standardized workflow utilizing MRI during the hyperacute phase.
Purpose: While CT-based selection of patients is the current standard of care, we sought to
determine the time impact of the alternative approach of MRl selection in the 0-12 h window.
Methods: In the MRI in Acute Management of Ischemic Stroke (MIAMIS) registry, we retro-
spectively analyzed 89 consecutive patients from January 2008 to January 2010 who present-
ed with acute stroke symptoms with a National Institutes of Health Stroke Scale score >5 or
aphasia within 0-12 h from symptom onset. The presence of penumbra was determined by
MR perfusion-diffusion mismatch or clinical diffusion mismatch. Patients were stratified based
on the presence of mismatch and clinical outcomes in patients who received ET. Imaging times
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were recorded. Results: The MRI turnaround time was 95.5 + 48.5 min. The total MRI time
was 27.7 £ 12.8 min. Seventeen (19.1%) patients were found to have nonvascular etiology. Mis-
match was found in 35 (48.6%) patients with acute ischemic stroke (AlS). Patients with non-
vascular etiology were younger (55.7 vs. 65.6 years, p < 0.02), without any vessel occlusion or
mismatch noticed in this group. We dichotomized the 39 AIS patients with vessel occlusion
into two subgroups: these with mismatch and these without. Patients without mismatch were
older (76.7 vs. 64.4 years, p < 0.05), more likely to have congestive heart failure (71.4 vs. 22%,
p < 0.03), a higher total serum cholesterol level (196 vs. 156 mg/dL, p < 0.04), and medium to
large lesions on diffusion-weighted imaging (DWI) (85.7 vs. 37.5%, p < 0.04). Conclusions:
Multimodality MRI screening for AIS symptoms for ET is feasible. Optimizing each center’s
protocol and the utilization of MRI with DWI only may be a time-saving alternative.

© 2019 S. Karger AG, Basel

Introduction

Stroke is a leading cause of morbidity and mortality worldwide. Multiple randomized
studies have shown that mechanical thrombectomy in anterior circulation large vessel
occlusion ischemic stroke has led to a significant improvement in functional outcome
compared to intravenous tissue plasminogen activator (tPA) alone when it is performed
within 6 h from symptom onset [1]. Since its first introduction about 30 years ago, penumbra
in acute ischemic stroke (AIS) has been the target of diagnosis and treatment [2]. Penumbra
was classically defined as hypoperfused tissue surrounding the ischemic core in which blood
flow is too low to maintain electric activity but sufficient to preserve ion. MRI has been
proposed as the method for evaluating penumbra and can be useful for endovascular therapy
(ET) patient selection. There have been multiple retrospective trials utilizing advanced
imaging with MRI in patient selection for ET beyond the 6 h from symptom onset [3]. The
recently published multicenter randomized DAWN trial (diffusion-weighted imaging [DWI]
or perfusion CT assessment with Clinical Mismatch in the Triage of Wake Up and Late
Presenting Strokes Undergoing Neurointervention with Trevo) have confirmed greater
outcome benefit of ET from 6-24 h of symptom onset compared to medical management in
patients selected by advanced imaging with MRI or perfusion CT to identify mismatch between
the clinical deficit and infarct volume [4]. The clinical and imaging mismatch seen is likely due
to the variable presence of salvageable penumbra, which could be visualized by advanced
neuroimaging, based on collateral supply in individual patients rather than solely on time
from symptom onset.

The DAWN trial laid the groundwork for an acute imaging protocol in patient selection
for stroke ET. In the trial MRI, DWI, or perfusion CT were used to identify clinical and imaging
mismatch. CT and MRI can provide similar information, but both show respective advantages
and disadvantages. The debate over MRI is usually the potentially increased time consumption
and the difficulty in establishing an adequate standardized workflow utilizing MRI during the
hyperacute phase [5]. Kang et al. [6] demonstrated that the door to needle time for MRI
screening is significantly longer than that for CT screening for AIS patients treated with intra-
venous tPA.

While CT-based selection of patients is the current standard of care, we sought to
determine the impact of the alternative approach of MRI selection in the 0-12 h window. We
determined the impact on imaging start to puncture, proportion of patients excluded from
ET, and stroke mimics.
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Methods

Patient Selection

Since January 2008, our center has instituted a clinical policy of emergent MRI with diffusion, perfusion,
FLAIR, gradient echo, and MR angiogram of the circle of Willis in patients with AIS with a National Institutes
of Health Stroke Scale (NIHSS) score >5 or aphasia within 12 h from symptom onset according to the IRB-
approved MRI in Acute Management of Ischemic Stroke (MIAMIS) Registry. Patients with perfusion-diffusion
mismatch (PDM) or clinical diffusion mismatch (CDM), as assessed by a stroke neurologist, were triaged to
ET. Patients received intravenous tPA prior to ET if indicated. We retrospectively analyzed the medical
records of all consecutive AIS patients who met the clinical protocol criteria for emergent MRI from January
2008 to January 2010. PDM was defined by the presence of a perfusion-weighted imaging (PWI) volume
measuring >20% of the DWI volume based on the DEFUSE study [7]. CDM was defined subjectively as the
presence of clinical deficit disproportionately more severe than the DWI lesions by the estimation of a stroke
neurologist. Time to treatment was defined as the time from stroke onset to groin puncture time. MRI turn-
around time was defined as the time from MRI order to completion.

Imaging Methods

A CT scan of head without contrast was acquired with contiguous 5-mm-thick axial sections (140 kV,
299 mAs). CT was performed in all patients prior to MRI. MRI scans were performed on two 1.5-Tesla imag-
ing systems (Avanto, Siemens, Erlangen, Germany and Infineon, Phillips, Eindhoven, The Netherlands). The
MRI sequences included FLAIR (TE/TR 140 ms/10 s, slice thickness 5 mm, interslice gap 1 mm, FOV 220 x
220 mm?), DWI (TE/TR 80-110 ms/5 s, slice thickness 5 mm, interslice gap 1 mm, FOV 220 x 220 mm?, b
value 1,000 s/mm?), and PWI (TE/TR 40 ms/1,500 ms, slice thickness 5 mm, interslice gap 1 mm). Cerebral
blood volume, cerebral blood flow, and mean transit time were calculated with the arterial input function
derived from the middle cerebral artery (MCA) ipsilateral to the infarct. An apparent diffusion coefficient
map was generated on the scanner console at the time of imaging. The MRI technologist was available
in-house at all time.

AIS Therapies

Intravenous tPA was given at 0.9 mg/kg as full dose or 0.6 mg/kg as bridging dose (10% bolus, 90%
continuous infusion over 1 h, up to a maximum of 90 mg) to patients who met the criteria. Cerebral angiogram
and appropriate treatment were performed in patients who were triaged to ET. As this patient cohort was
treated prior to 2010, mechanical thrombectomy was not done with the conventional stent retriever method,
and multiple devices including the MERCI Retrieval System and the Penumbra Aspiration System were
applied.

Clinical and Imaging Scoring

The NIHSS score was used to evaluate the neurological status of patients with acute stroke symptoms
on presentation. The DWI lesions were visually classified into none to small if no lesion was seen on DWI or
if the lesion was smaller than half the size of the thalamus, and medium to moderate if the lesion was larger
but less than one-third of the MCA territory.

Outcome Analysis

Good outcome was defined by a 90-day modified Rankin Scale score <2. Successful recanalization was
defined by modified TICI 2b or 3. The rate of symptomatic intracranial hemorrhage was assessed as a safety
endpoint on follow-up CT.

Statistical Analysis

Statistical data analysis was performed with the SPSS software (SPSS Inc., Chicago, IL, USA). Categorical
variables were analyzed using the two-tailed x? test or the Fisher exact test. Continuous variables were
analyzed using the independent ¢t test. The Mann-Whitney U test was used for median analysis. Multiple
logistic regression was performed for hypothesis testing. Statistical significance was considered at p < 0.05.
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Results

MRI Workflow Time

A total of 89 patients met our study criteria; 68.5% of the cases were enrolled by PDM
criteria and the rest by CDM criteria. The average time from symptom onset to MRI was 308 +
144 min. The MRI turnaround time was 95.5 + 48.5 min. The total MRI time was 27.7 + 12.8 min.
The order to first MRI time was 73.8 + 51.95 min.

Stratification of Patients Based on Vascular and Nonvascular Etiology

Atotal of 89 patients met our study criteria. Seventeen (19.1%) patients were found to have
nonvascular etiology (Table 1). The most common diagnoses were seizures (5/17, 29.4%) and
conversion disorder (4/17, 23.5%). The remaining diagnoses included unmasking of prior
stroke deficits (2/17, 11.8%), sepsis (1/17, 5.9%), migraine (1/17, 5.9%), progressive multi-
focal leukoencephalopathy (1/17, 5.9%), and unknown (2/17, 11.8%). Figure 1 shows the allo-
cation of patients with AIS symptoms within the first 12 h from symptom onset included in the
study triaged for ET.

Compared with patients with vascular etiology (AIS), patients with nonvascular etiology
were younger (55.7 vs. 65.6 years, p < 0.02). No vessel occlusion or mismatch was noticed in the
nonvascular etiology group. There was no statistical difference in the remainder of the variables
compared.

In patients with vascular etiology, the median admission NIHSS score was 15.5 (IQR 9-20).
Vessel occlusion and mismatch were noticed in 39 (54.2%) and 35 (48.6%) patients, respec-
tively. Intravenous tPA was administered in 28 (38.9%) patients.

Stratification of Patients with AIS Based on the Presence of Mismatch

Among the patients with AIS, 35 (48.6%) were found to have mismatch (Table 2). Patients
with mismatch had higher admission NIHSS scores (17 vs. 11, p < 0.02). Vessel occlusion (91.4
vs. 18.9%, p < 0.001) and atrial fibrillation (42.8 vs. 18.9%, p < 0.03) were more frequently
noticed in patients with mismatch. Serum levels of triglyceride (100.9 vs. 155.2 mg/dL, p < 0.01)
and cholesterol (161 vs. 186 mg/dL, p < 0.04) were significantly lower in patients with mismatch.

There were fewer patients with mismatch who had an NIHSS score <5 (2.87 vs. 21.6%, p <
0.03). Accordingly, there were more patients with mismatch who received intravenous tPA
(51.4 vs. 27%, p < 0.04). There were more patients with mismatch evaluated by PDM than
patients without mismatch (85.7 vs. 56.8%, p < 0.01). There were no statistical differences in
the remainder of the variables compared.

We dichotomized the 39 AIS patients with vessel occlusion into two subgroups: those with
mismatch and those without (Table 3). Patients without mismatch were older (76.7 vs. 64.4
years, p < 0.05), more likely to have congestive heart failure (CHF) (71.4 vs. 22%, p < 0.03), and
had a high total serum cholesterol level (196 vs. 156 mg/dL, p < 0.04) and medium to large DWI
lesions (85.7 vs. 37.5%, p < 0.04). There were no statistical differences in the remainder of the
variables compared.

Outcome of Mechanical Thrombectomy

Among the patients with mismatch, 25 (71.4%) were triaged to receive ET. This patient
cohort was treated prior to 2010, so ET was not done with the conventional stent retriever
method, and multiple devices including the MERCI Retrieval System and the Penumbra Aspi-
ration System were applied. Seven (28%) patients had good outcome. These patients were signif-
icant younger (49.4 vs. 66.7 years, p < 0.02) and had less histories of hypertension (29 vs. 89%,
p <0.01) and a shorter time interval from MRI to recanalization (148 vs. 221 min, p < 0.05). The
successful recanalization rate was 64%. The symptomatic intracranial hemorrhage rate was 8%.

KARGER

138



Interventional Intervent Neurol 2019;8:135-143
Neurology DOI: 10.1159/000490580 © 2019 S. Karger AG, Basel
www.karger.com/ine

Atchaneeyasakul et al.: MRI Selection for Thrombectomy: The MIAMIS Registry

Nonvascular
etiology (n = 17)

PDM or CDM
present (n = 35)

Endovascular

therapy (n = 25)

AIS symptoms with
NIHSS score 25 (n = 89)

Vascular
etiology (n = 72)

No PDM or CDM
(n=37)
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performed consecutively

Fig. 1. Patients with AIS symptoms within the first 12 h from symptom onset included in the study triaged
for endovascular therapy. AlS, acute ischemic stroke; CDM, clinical diffusion mismatch; NCCT, noncontrast
CT; NIHSS, National Institutes of Health Stroke Scale; PDM, perfusion-diffusion mismatch.

Table 1. Comparison of baseline clinical and demographic variables among patients with vascular and
nonvascular etiology

Vascular Nonvascular Significance
Number of patients 72 17
Age, years 65.6+14.8 55.7+17 0.018?2
Male sex 52.8% 41.1% 0.39%
Median admission NIHSS score 15.5 (9-20) 11 (7.5-15.5) 0.171¢
Hypertension 80.5% 76.5% 0.7414
Admission systolic BP, mm Hg 155+30 159+38 0.6542
Admission diastolic BP, mm Hg 89+18 98+25 0.092
Diabetes mellitus 37.5% 35.2% 0.866°
Admission glucose level, mg/dL 13762 129.6+60 0.658?2
Hyperlipidemia 62.5% 47% 0.243P
LDL, mg/dL 104+41 90+35 0.2512
HDL, mg/dL 44718 43.3£14 0.7992
Triglyceride, mg/dL 128.8+76 94+31 0.109%
Cholesterol, mg/dL 173.9+47.8 152+38 0.1272
Coronary artery disease 15.3% 23.5% 0.4744
Congestive heart failure® 19.4% 5.9% 0.2854
Atrial fibrillation 30.5% 5.9% 0.0614
Intravenous tPA rate 38.9% 0% 0.002°
Time from stroke onset to MRI, min 318+151 267.6x100 0.1972
MRI turnaround time, min 92+45 108.6+60 0.2182
Mortality 9.7% 0% 0.338¢
Mismatch 35 (48.6%) 0 0.000°
Vessel occlusion 39 (54.2%)f 0 0.000°
Perfusion-diffusion mismatch 70.8% 58.8% 0.337°
Clinical diffusion mismatch 29.2% 41.2%
Endovascular therapy 34.7% 0% 0.002¢

BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NIHSS, National In-
stitutes of Health Stroke Scale; tPA, tissue plasminogen activator. 2 Student ¢ test. ? x? test. “Mann-Whitney U
test. 4 Fisher exact test. ¢ Ejection fraction <45%. f One patient had severe stenosis of >99% measured by
cerebral angiography.
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Table 2. Comparison of baseline clinical and demographic variables among AIS patients with and without
mismatch

Mismatch No mismatch Significance
Number of patients 35 37
Age, years 64.6+15 66.5+14 0.5972
Male sex 57% 48.6% 0.471°
Median admission NIHSS score 17 (11-20) 11 (6-18) 0.011°¢
Hypertension 77% 83.4% 0.477°
Admission systolic BP, mm Hg 159+30 152430 0.3452
Admission diastolic BP, mm Hg 89+14 89+21 0.9982
Diabetes mellitus 31.4% 43% 0.301°
Admission glucose level, mg/dL 136.9+46.5 13774 0.9922
Hyperlipidemia, mg/dL 57% 67.6% 0.361°
LDL, mg/dL 100+37 107+44 0.4932
HDL, mg/dL 40.3%13 48.8+21 0.0522
Triglyceride, mg/dL 100.9+45 155.2+90 0.0032
Cholesterol, mg/dL 161+41 186+51 0.032
Coronary artery disease 20% 10.8% 0.279°
Congestive heart failure 20% 19% 0.908°
Atrial fibrillation 42.8% 18.9% 0.028°
Intravenous tPA rate 51.4% 27% 0.034
Time from stroke onset to MRI, min 295+138 339+161 0.2242
MRI turnaround time, min 90433 94+55 0.7012
Mortality 14.3% 5.4% 0.2544
Vessel occlusion 91.4% 18.9% 0.000°
Perfusion-diffusion mismatch 85.7% 56.8% 0.007°
Clinical diffusion mismatch 14.3% 43.2%
Endovascular therapy 71.4% 0% 0.000°

BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NIHSS, National In-
stitutes of Health Stroke Scale; tPA, tissue plasminogen activator. 2 Student ¢ test. ® x? test. *Mann-Whitney U
test. 4 Fisher exact test.

Discussion

In this observational retrospective study, we found that MRI selection for ET in AIS
patients, including perfusion imaging, is feasible in a single large academic medical center.
However, the MRI turnaround time was found to be 95.5 * 48.5 min and the total MRI time
27.7 + 12.8 min, which appears to be higher than for CT screening only in other reported
studies. In a study utilizing MRI screening prior to intravenous tPA in AlS, the door to needle
time was found to be 85 min (73-102 min) in the MRI screening group, 21 min longer than
for CT screening only [6]. The trial utilized multimodal MRI requiring approximately 20 min
in the scanner, including DWI, PWI, gradient echo, and magnetic resonance angiography.

From the experience at our tertiary academic medical center, the steps in time required
from order to MRI are a significant source of delay and include MRI availability at the time of
acute stroke and MRI screening from completion, especially when the patient is unable to give
a history and a family member or proxy is not available immediately. The MRI technologist
was available in-house at all time at our facility and should not have been a cause for delay.

In most centers, screening a candidate for ET utilizes CT/CT angiography. If a perfusion
study is warranted, performing a perfusion CT should be less complicated than transporting
the patient to MRI. In our data, we found that the turnaround time for multimodality MRI
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Table 3. Comparison of baseline clinical and demographic variables between subgroups with and without
mismatch in AIS patients with vessel occlusion

Mismatch No mismatch Significance
Number of patients 32 7
Age, years 64.4+15.6 76.7£7.2 0.04952
Male sex 56% 28.5% 0.235°¢
Median admission NIHSS score 17.5(12-21) 19 (16-22) 0.474°
Hypertension 78% 100% 0.313¢
Admission systolic BP, mm Hg 158+30 150£19 0.5292
Admission diastolic BP, mm Hg 89.5+14 91+19 0.8132
Diabetes mellitus 31% 57% 0.225¢
Admission glucose level, mg/dL 138+47 114+21 0.2012
Hyperlipidemia 57% 71% 0.438¢
LDL, mg/dL 95.7+34.4 125440 0.0712
HDL, mg/dL 40.3£12 4616 0.332
Triglyceride, mg/dL 100.3+45 126.8+35.5 0.1822
Cholesterol, mg/dL 156+40 196+48 0.0352
Coronary artery disease 19% 28.6% 0.617¢
Congestive heart failure 22% 71.4% 0.02¢
Atrial fibrillation 43.8% 14.3% 0.216¢
Time from stroke onset to MRI, min 290141 300+147 0.8772
MRI turnaround time, min 92+33 87+38 0.7582
Mortality 15.6% 28.6% 0.588¢
Perfusion-diffusion mismatch 84% 57% 0.137¢
Clinical diffusion mismatch 16% 43%
DWI lesion volume
None to small 20 (62.5%) 1 (14.3%)

Medium to large
Vessel occlusion site

Anterior

Posterior

12 (37.5%) 6 (85.7%)  0.038°

31 (96.8%)
1(3.2%)

5 (71%) 0.077¢
2 (2.9%)

AIS, acute ischemic stroke; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipo-
protein; NIHSS, National Institutes of Health Stroke Scale. ? Student ¢ test. ® Mann-Whitney U test. ¢ Fisher
exact test.

screening in our high-volume academic medical center setting was 95.5 min. The current goal
for door to puncture time per American Heart Association (AHA) guidelines is <90 min for
acute anterior circulation large vessel occlusion ischemic stroke and the imaging recommen-
dation only includes CT/CT angiography or magnetic resonance angiography. The benefit of
imaging with perfusion CT or DWI and PWI per AHA guidelines is unknown [8]. MRI selection
may not provide more benefit in patients with acute vessel occlusion within a short time from
stroke (<6 h) as per current AHA guidelines [8]. The chances of these patients to have treatable
mismatch are very high and they will benefit from recanalization as early as possible. However,
in the setting of ET in patients beyond these hours in whom benefit is likely dependent on
salvageable penumbra, imaging that can sufficiently evaluate penumbra is needed.
Penumbra can be studied using a number of different methodologies including CT, MRI,
PET, SPECT, and molecular imaging. A proposed MRI signature of penumbra is a mismatch
between the area of abnormality on PWI and DWI. In patients with decrease salvageable
penumbra, ET may not lead to a better functional outcome per the DEFUSE 2 trial [9].
Currently, the most important use for penumbra evaluation is for patient selection for ET
beyond the 6-h window as per the recently published DAWN trial [4]. However, in the setting
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of hyperacute stroke where “time is brain,” a fast and effective imaging modality is preferred.
Multimodality MRI (including PWI) was found to have an average turnaround time of 96 min
in our study, including 27 min in the MRI scanner, which is comparable to the reported time
inthe MRI scanner ofapproximately 20 minin another study [6]. Utilizing CDM for ET selection
with MRI DWI sequence only and foregoing PWI might be a better time-saving option for most
center as per DAWN trial protocol.

In our study, 32 of 39 patients with vessel occlusion were found to have mismatch. There
were 7 patients who did not have mismatch in the presence of vessel occlusion likely due to
poor collateral circulation and early expansion of the infarct. These patients were older and
had a high total serum cholesterol level as well as frequent history of CHF. Thus, it is likely
thathypercholesterolemiaand CHF resulted in early expansion of infarction, making mismatch
less likely to be detected as the time from stroke onset increased. This further emphasizes the
concept of “time is brain,” as salvageable brain tissue disappears faster in some patients with
older age, hypercholesterolemia, and CHF.

MRIin AIS will exclude patients who have stroke mimics and do not need ET. Stroke mimics
were reported to be 3-11% in patients presenting with AIS symptom [10]. In our study group,
the proportion of stroke mimics was 19%, which was slightly higher than in other reports. The
differential of stroke mimics may not be straightforward since they often share similar risk
factors as AlS, except for younger age, as shown in our study. Utilizing MRI for selection also
significantly improved the accuracy of diagnosing stroke from noncontrast CT/CT angiography
[11]. None of the patients in our study received unnecessary intravenous tPA.

MRI in AIS will exclude patients who are likely to be harmed. Patients with an infarct core
lesion (DWI volume) >100 mL or PWI >100 mL with a Tp,,x >8 s were considered to have
malignant mismatch [7, 12]. This is approximately greater than one-third of the volume of the
MCA territory and is found to have high risk of ICH. In our study, among the 10 patients with
mismatch who were not triaged to ET, 3 were found to have DWI lesions greater than one-
third ofthe volume ofthe MCA territory. This was about 8.6% of all patients who had mismatch.
Recent studies applied a DWI lesion volume of 70 cm? as the cutoff for ET, as it was shown
that a DWI lesion volume >70 cm3 had a high specificity for poor outcome with or without
therapy [13]. Yoo et al. [13] showed that about 17.6% of patients with mismatch had a DWI
volume >70 cm?3. Thus, it is expected that about 10-18% of patients with mismatch will be
excluded from ET due to large DWI lesion on MRI. Furthermore, Leslie-Mazwi et al. [14]
described MRI criteria using DWI volume and clinical criteria to classify patients with ICA or
MCA occlusion likely to benefit from ET, which could be implemented for triage.

The limitation of this study is the fact that is was a retrospectively case series study
without control patients for ET. Selection bias or recall bias might have affected the results.
The relatively small number of patients who received ET did not allow further statistical
analysis. The ET method was not conventional with stent-retriever routinely used to achieve
reperfusion in clinic practice, as the study was carried out from 2008 to 2010.

In conclusion, multimodality MRI screening for AIS symptoms for ET is feasible. Opti-
mizing each center’s protocol and the utilization of MRI with DWI only may be a time-saving
alternative.
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