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BACKGROUND: The relative value of computed tomography (CT) and magnetic resonance imaging (MRI) in acute ischemic
stroke (AIS) is debated. In May 2018, our center transitioned from using CT to MRI as first-line imaging for AIS. This
retrospective study aims to assess the effects of this paradigm change on diagnosis and disability outcomes.

METHODS: We compared all consecutive patients with confirmed diagnosis of AIS admitted to our center during the MRI-
period (May 2018-August 2022) and an identical number of patients from the preceding CT-period (December 2012-April
2018). Univariable and multivariable analyses were performed to evaluate outcomes, including the number and delay of
imaging exams, the rate of missed strokes, stroke mimics treated with thrombolysis, undetermined stroke mechanisms,
length of hospitalization, and 3-month disability.

RESULTS: The median age of the 2972 included patients was 76 years (interquartile range, 65-84), and 46% were female.
In the MRI-period, 80% underwent MRI as first acute imaging. The proportion of patients requiring a second acute imaging
modality for diagnostic & revascularization reasons increased from 2.1% to 5% (P e <O 0b), but it decreased in the subacute
phase from 79.0% to 60.1% (Pd <0.05). In thrombolysis candidates, there was a 2- mlnute increase in door-to-imaging delay
(P, , <0. 05). The rates of initially missed AIS diagnosis was similar (3.8% versus 4.4%, P, o =0- 32) and thrombolysis in stroke
mimics decreased by half (8.6% versus 4.3%; P, <0.05). Rates of unidentified stroke mechanism at hospital discharge
were similar (22.8% versus 28.1%; P J—O 99). The length of hospitalization decreased from 9 (interquartile range, 6—-14) to
7 (interquartile range, 4—12) days (Pd—O 62). Disability at 3 months was similar (common adjusted odds ratio for favorable
Rankin shift, 0.98 [95% CI, 0.71-1 361] —091) as well as mortality and symptomatic intracranial hemorrhage.

CONCLUSIONS: A paradigm shift from CT to MRl as first-line imaging for AIS seems feasible in a comprehensive stroke center,
with a minimally increased delay to imaging in thrombolysis candidates. MRI was associated with reduced thrombolysis rates
of stroke mimics and subacute neuroimaging needs.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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ing to differentiate ischemic from hemorrhagic  conditions require specific management whose ben-

AII patients with suspected stroke need brain imag- ~ may present with focal neurological deficits.'*8 All these
stroke and from other neurological diseases that  efits are highly time-dependent, especially in the case of
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Nonstandard Abbreviations and Acronyms

AlIS acute ischemic stroke

ASTRAL Acute Stroke Registry and Analysis of
Lausanne

CT computed tomography

ER emergency room

IQR interquartile range

IvT intravenous thrombolysis

MRI magnetic resonance imaging

mRS modified Rankin Scale

OR odds ratio
SICH symptomatic intracerebral hemorrhage

TOAST Trial of ORG 10172 in Acute Stroke
Treatment

recanalization treatments in acute ischemic stroke (AIS).
Therefore, the emergency management of these patients
requires to maximize the diagnostic accuracy and to min-
imize any possible delay. Given its short acquisition time
and its widespread availability, computed tomography
(CT)-based imaging has become the most widely used
diagnostic study of suspected AlS. Despite being more
time-consuming and less available, brain magnetic reso-
nance imaging (MRI) offers several advantages over CT/
including higher sensitivity in detecting early ischemic
stroke, more precise localization of the ischemic lesion,
more accurate detection of stroke mimics, likely better
quantification of the ischemic core, and the capability
to estimate the delay from stroke onset in patients with
unknown onset®'° Currently, only a minority of stroke
centers uses MRl as a first line tool for patients with AIS,
and the data comparing MRI- with CT-first paradigm and
its effect on patients’ outcome are limited.8''-13

In our center, multimodal CT has been the first-line imag-
ing modality for the assessment of all AIS from 2003 fill
May 2018, when we started using a new MRI machine inte-
grated in the emergency department. This change provided
us the opportunity to assess the transition from CT to MRI.

The aim of this quality assurance project of the treat-
ment practice in our institution was to evaluate the
MRI-based paradigm in comparison with the CT-based
approach in term of (1) feasibility, effect on the diagnos-
tic workflow, (2) diagnostic accuracy for AlS in the emer-
gency setting and (3) effect on the subacute work-up in
the stroke-unit, and (4) clinical outcome.

METHODS

Data Availability

The raw, anonymized data that support the findings of this study
are available from the corresponding author upon reasonable
request and after signing a data transfer and use agreement.
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If such data are used for a publication, its methods should be
communicated, and internationally recognized authorship rules
should be applied.

Study Population
The study was conducted on the ASTRAL (Acute Stroke
Registry and Analysis of Lausanne) that collects since 2003
all AIS admitted to the stroke unit and intensive care unit of
the Lausanne University Hospital, presenting within 24 hours
of stroke onset or last proof of good health as published previ-
ously."* We excluded from the current analysis secondary trans-
fers from other hospitals, patients with a brain imaging already
performed before arrival at our hospital, and in-hospital strokes.
All consecutive patients who met the inclusion criteria,
admitted between May 1, 2018 (date when the MRI machine
in the emergency room [ER] became operational) and August
31, 2022 were included in the MRI-paradigm group. Patients
during this period were kept in the MRI-paradigm group even if
the initial imaging performed was CT, and reasons for not per-
forming MRI as initial imaging were recorded. The CT-paradigm
comparison group consisted of an equal number of consecutive
patients admitted before April 30, 2018, resulting in a study
period starting in December 2012. The details of variables
collected for each patient are detailed in the Supplemental
Material.

Patients’ Clinical Assessment

All patients with suspected acute stroke admitted to the ER in
Lausanne University Hospital are evaluated by an emergency
physician and the on-call neurologist. Neurological evaluation,
National Institutes of Health Stroke Scale assessment, and
neuroimaging are performed as soon as possible and within 24
hours regardless of treatment eligibility in all suspected acute
strokes (last proof of good health <24 hours). If the prehospital
evaluation by the paramedic team indicates a thrombolysis or
thrombectomy candidate, a stroke code is activated for immedi-
ate and simultaneous evaluation on arrival by on-call neurolo-
gist and emergency physician.

Neuroimaging Protocol
Multimodal CT-based imaging was performed on a 64-
multidetector CT scanner (LightSpeed VCT, GE Healthcare,
Milwaukee, WI) between December 2012 and November
2015, or on a 256-multidetector CT scanner (Revolution CT,
GE Healthcare, Milwaukee, W) thereafter. CT imaging proto-
col, including noncontrast CT, CT-perfusion, CT-angiography,
and postcontrast series, was performed in patients with sus-
pected AlS as part of standard of care.’® The acquisition of this
CT-based protocol including CT-perfusion takes 8 minutes.
For MRI imaging, we used a 3-Tesla scanner (Vida, Siemens,
Erlangen, Germany). The following sequences are acquired
(with corresponding acquisition time): sagittal T1 gradient echo
(17107), axial diffusion (1°64”), axial 2-dimensional fluid attenu-
ated inversion recovery (2°24”), axial T2 gradient echo (2'24”),
time-of-flight angiography (6"12”), gadolinium-enhanced cervical
magnetic resonance angiography (1’63”), postcontrast axial T1
gradient echo (1705”), and perfusion weighted imaging (1705”),
as previously described.'® Apparent diffusion coefficient maps
were also generated from diffusion weighted imaging sequence.
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The duration of this MRI protocol is 19 minutes. If the patient
is eligible for intravenous thrombolysis (IVT), r-tPA (recombinant
tissue-type plasminogen activator) is got ready in the MRI-room
and administered immediately after diffusion weighted imaging,
fluid attenuated inversion recovery, and gradient echo sequences
are available to exclude intracranial hemorrhages.

Outcomes Definition

To evaluate feasibility of the MRI-paradigm and its effect on
the diagnostic workflow of AIS, we assessed the following
outcomes.

* The proportion of patients undergoing any neuroimaging
within 24 hours after stroke onset or last proof of good
health

* In the MRI period only, the rates and the reasons for not
attempting MRI as first imaging modality, and for obtain-
ing an insufficient quality exam when it was attempted as
first modality within 24 hours after stroke onset

* The delay in minutes from hospital arrival to start of brain
imaging: door-to-imaging delay for the overall cohort,
and for the potential IVT candidates: arriving within 3.5
hours after known onset and National Institutes of Health
Stroke Scale 24

* Proportion of intracranial (+ extracranial) arterial imaging
at baseline with sufficient quality

* Proportion of perfusion imaging at baseline with sufficient
quality

* The frequency and the reasons for performing a second
acute imaging modality within 24 hours after stroke onset
performed for diagnostic or acute treatment decisions
(other than repeat imaging for worsening or routine post-
revascularization control imaging)

As parameters of diagnostic accuracy for AIS in the emer-

gency setting, we considered the following.

» The rate of stroke mimics treated by IVT, calculated as
proportion over the total number of patients treated with
IVT. For this specific analysis, the count of stroke mimics
treated with IVT was added to the number of patients with
AlS treated with IVT in each period. We considered stroke
mimics cases with an initial diagnosis of ischemic stroke
(prompting the administration of IVT), but a final diagnosis
at discharge other than stroke, based on the revision of
initial and repeated imaging (which usually included MRI),
clinical findings suggestive of another cause, and nega-
tive work-up for major causes of ischemic stroke.

+ The rate of missed strokes (stroke chameleons), calcu-
lated as proportion over the total number of AlS admitted
in the same period. Stroke chameleons were defined as
a failure to suspect a stroke on initial medical evaluation
in the ER, or the incorrect exclusion of stroke diagnosis
after the initial negative neuroradiological evaluation.* The
identification of stroke in chameleons was later made by
board certified neurologists based on the clinical course
and by repeat neuroimaging.

* The rate of missed intracranial bleeding on first imaging in
[VT-treated patients

To assess the effect of the MRI-paradigm on the subse-

quent subacute work-up in the stroke-unit, we evaluated the
following.

+ The rate of patients with undetermined stroke mecha-
nism at the end of acute hospitalization, with or without
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complete work-up, according to TOAST (Trial of ORG
10172 in Acute Stroke Treatment) criteria.'”

* The proportion of patients needing any further neuroim-
aging beyond the initial (single or double) baseline imag-
ing until the end of the acute hospital phase (subacute
imaging).

» Length of hospitalization in the acute stroke unit.

As clinical outcomes, we assessed the following.

+ The disability at 3 months, measured as the shift of the
modified Rankin Scale (mRS) at 3 months. mRS at 3
months was assessed at the routine clinical examination
in the outpatient clinic (or by a structured telephonic inter-
view) by Rankin-certified personnel aware to acute imag-
ing modality.

* Mortality at 7 days and at 3 months.

+ Symptomatic intracranial hemorrhage (SICH) within 36
hours according to the ECASS-2 (European Cooperative
Acute Stroke Study 2) definition.

Statistical Analysis

Continuous and ordinal variables were expressed as medians
(with interquartile range [IQR]), and categorical variables as
absolute counts (with percentage), unless stated otherwise.

Initially we compared each outcome between MRI-paradigm
and CT-paradigm groups, using unadjusted regression analy-
ses to calculate crude odds ratio (OR) for binary outcomes
and beta coefficients for continuous variables, along with 95%
Cl, and unadjusted P values. We did not consider meaningful
to perform an adjustment for potential confounders for cer-
tain outcomes; therefore, we opted for univariable descriptive
comparison, and calculated only crude ORs and unadjusted P
values for the following outcomes: the proportion of patients
undergoing any neuroimaging within 24 hours after stroke
onset or last proof of good health, the proportion of arterial
and perfusion imaging at baseline with sufficient quality, the
frequency of second acute imaging modality within 24 hours
after stroke onset, and the rate of missed intracranial bleeding
on first imaging in IVT-treated patients.

For the other outcomes, including door-to-imaging delay,
stroke mimic treated with IVT, stroke chameleon, undetermined
stroke mechanism, length of hospitalization, repeated neuroim-
aging during stroke unit hospitalization, 3-month mRS, 7-day
and 3-month mortality and SICH, we performed multivariable
analyses. As a preliminary step, we initially assessed the pres-
ence and the shape of temporal trends throughout the study
period for each of these outcomes. To do this, we used general-
ized additive models to fit smooth curves for each outcome with
a cubic smoothing spline term for the time variable. We chose
generalized additive model given their flexibility in fitting nonlin-
ear patterns in the data, allowing us to identify trends over time
that may not have been captured using traditional linear models.
Depending on whether the outcome was continuous, binary, or
multicategory, we respectively used additive quantile regression
model, generalized additive models with binomial distribution, and
generalized additive model with ordered categorical outcome.
The time variable was obtained by dividing the study period into
10 consecutive periods with an equal number of consecutive
patients in each period. The results of this time trend analyses
were displayed graphically and by reporting the P value of the
nonlinear term, and the effective df, which indicate the degree of
nonlinearity of the curve (effective df=1 is equivalent to a linear
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relationship, effective df >1 and <2 is considered a weakly non-
linear relationship, and effective df >2 implies a highly nonlinear
relationship).'® Subsequently, we added to the models for each
outcome the imaging paradigm variable, together with the time
trend variable (if significant at the A<0.05 level in the previous
analysis), and potential confounders (selected based on clinical
plausibility among demographics, clinical and radiological fea-
tures), to obtain adjusted OR (or adjusted beta coefficients for
continuous outcome variables), and 95% Cl. For all analyses,
F<0.05 were considered significant.

The Strengthening the Reporting of Observational Studies
in Epidemiology method was applied to report resuilts.

Standard Protocol Approvals, Registrations, and

Patient Consents

ASTRAL follows institutional regulations for clinical and
research databases. All data collected stem from routine clini-
cal and radiological management. Before analysis, the data
were anonymized following the principles of the Swiss Human
Research Ordinance. Given that only anonymized data were
used, there was no need for ethical commission approval or
patient consent according to the Swiss Human Research Act
and the applicable data protection legislation. Also, the status
of patient consent did not need to be considered because this
was mainly a quality assurance project of the treatment prac-
tice in our institutions, falling outside the Human Research Act.

RESULTS

The median age of the 2972 included patients was 76
years (IOR, 65-84), and 1361 (46%) were female. The
full description of the study cohort is displayed in Table 1
and Table S1.

AIS Diagnostic Workflow

Among 1486 patients admitted during the MRI-
paradigm (2018-2022), 98% (n=1456) had a brain
imaging within 24 hours after stroke onset. This is
slightly but significantly higher than the 96.8% rate of
the CT-paradigm (OR,_,, 1.62 [95% CI, 1.02-2.57];
Punadj<0.05; Table 2). MRI was attempted as first imag-
ing modality in 80% of patients (n=1192). The reasons

for not attempting acute MRI are displayed in Figure 1.

When MRI was attempted as the first imaging, 32/1192
patients (2.7%) had an exam which was incomplete or
of insufficient quality (reasons detailed in Figure 1), and
a CT had to be added in the acute phase. Among 1160
patients who underwent an initial acute MRI of sufficient
quality during the MRI period, 65 (5.6%) were found to
be negative for an acute ischemic lesion, despite the final
diagnosis of ischemic stroke. Out of these 65 patients,
29 underwent a second MRI, and in 13 of them, an acute
ischemic lesion was detected that had not been visible
on the initial exam. In 25 out of the 65 patients (38%)
with negative acute MRI, ischemic stroke was local-
ized in the vertebrobasilar territory based on the clinical
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deficit or the results of follow-up MRI. The proportion of
patients with a negative acute MRI was slightly higher in
vertebrobasilar strokes compared with anterior circula-
tion strokes (7.8% versus 4.9%, P=0.077).

We observed a significant nonlinear trend in the door-
to-imaging delay over the study period (Figure 2A): dur-
ing the CT-paradigm the delay progressively reduced,
but since the beginning of the MRI-paradigm this trend
inverted, indicating an increase in delay, although it never
reached the values observed at the start of the study.
Despite this nonlinear trend, the median door-to-imaging
delay was 27 minutes in both periods, and in the multi-
variable analysis the imaging paradigm did not have a
significant effect (B-coefficient, 8.49 [95% Cl, —1.94 to
18.93]; Padj=0.1 1; Table 2). In the subgroup of potential
IVT candidates (patients arriving to the ER within 3.5
hours from known onset and with baseline National Insti-
tutes of Health Stroke Scale >4), the median delay to
imaging was 2 minutes longer in the MRI-paradigm as
opposed to CT-paradigm: 21 minutes (IQR, 16-27) ver-
sus 19 minutes (IQR, 15-25; B-coefficient, 8.60 [95%
Cl, 5.26-11.95]; Padj<0.05).

The proportion of intracranial (fextracranial) arterial
imaging with sufficient quality increased during the MRI-
paradigm (MRI-paradigm, 97.6% versus CT-paradigm,
92.9%; OR, ., 3.06 [95% ClI, 2.08-4.50]; Punadj<0.05)
while the proportion of perfusion imaging at baseline
with sufficient quality was similar (Table 2).

During the CT-paradigm and the MRI-paradigm,
respectively in 31 (2.1%) and 75 (5%) patients it was
necessary to perform a second brain imaging modality
for diagnostic or therapeutic reasons in the acute phase
detailed in Table 3.

AIS Diagnostic Accuracy

Out of 1486 patients with AIS in each period, 593 and
538 were treated with IVT in the CT and in the MRI-
paradigm, respectively. Additionally, 56 stroke mimics
received IVT in the CT-paradigm and 24 in the MRI-
paradigm. Therefore, the MRI-paradigm was associated
with an *60% reduction of stroke mimics treated with
IVT (MRI-paradigm, 4.3% versus CT-paradigm, 8.6%;
OR,,, 0.30 [95% CI, 0.11-0.80]; P 4<0.05; Table 2).
Figure 2B shows that, in addition to the decrease in the
MRI-period, there was no significant further correlation
between the inclusion period in the study and the propor-
tion of IVT-treated stroke mimics.

The rates of AIS diagnosis initially missed (stroke cha-
meleons) was similar in the 2 paradigms (MRI-paradigm,
4.4% versus CT-paradigm, 3.8%; ORadj, 1.15 [95% CI,
0.80-1.66]; Padj=0.45; Table 2; Figure S1A). The rate
of missed intracranial bleeding on first imaging in IVT-
treated patients remained unchanged (MRI-paradigm,
0.6% versus CT-paradigm, 0.2%; ORunadj’ 3.31 [95% CI,
0.34-31.83; P, =0.3; Table 2).

d
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Table 1. Patient Characteristics of the Overall Cohort and the 2 Groups of Interest

Overall population (N=2972)

CT-paradigm (n=1486)

MRI-paradigm (n=1486)

Age 76 (65-84) 76.2 (65.7-84) 75.8 (63.5-84.1)
Sex female 1361/2972 (46%) 684/1486 (46%) 677/1486 (45.6%)
Hypertension 2291/2972 (77.1%) 1154/1486 (77.7%) 1137/1486 (76.5%)
Diabetes 598/2972 (20.1%) 301/1486 (20.3%) 297/1486 (20%)
Dyslipidemia 2389/2972 (80.4%) 1217/1486 (81.9%) 1172/1486 (78.9%)
Smoking 1346/2957 (45.5%) 646/1471 (43.9%) 700/1486 (47.1%)

Atrial fibrillation

917/2971 (30.9%)

493/1485 (33.2%)

424/1486 (28.5%)

Prestroke mRS

0 1317/2970 (44.3%) 676/1486 (45.5%) 641/1484 (43.2%)
1-2 1211/2970 (40.8%) 590/1486 (39.7%) 621/1484 (41.8%)
>3 442/2970 (14.9%) 220/1486 (14.8%) 222/1484 (156%)

Onset known

1966/2972 (66.2%)

1004/1486 (67.6%)

962/1486 (64.7%)

Onset-to-door delay (min.)

191 (83-639)

175 (84-608.4)

217 (83-653.3)

Arterial territory

Posterior circulation only

776/2972 (26%)

372/1486 (25%)

404/1486 (27%)

Other arterial territory

2196/2972 (74%)

1114/1486 (75%)

1082/1486 (73%)

Baseline NIHSS

5(2-12)

6 (3-13)

4 (2-10)

Baseline ASPECTS

9 (8-10)

10 (9-10)

9 (7-9)

Acute treatment

No 1592/2972 (53.6%) 827/1486 (55.6%) 765/1486 (51.5%)
IVT only 718/2972 (24.2%) 381/1486 (25.6%) 337/1486 (22.7%)
IVT+EVT 413/2972 (13.9%) 212/1486 (14.3%) 201/1486 (13.5%)
EVT only 249/2972 (8.4%) 66/1486 (4.4%) 183/1486 (12.3%)

Stroke mechanism

Large artery atherosclerosis

432/2972 (14.5%)

205/1486 (13.8%)

227/1486 (15.3%)

Cardioembolic

871/2972 (29.3%)

466/1486 (31.4%)

405/1486 (27.2%)

Small vessels disease

152/1486 (10.2%)

Other rare and dissections

(
(
295/2972 (9.9%)
215/2972 (7.2%)

(
143/1486 (9.6%)
103/1486 (6.9%)

(
(
(
(7

112/1486 (7.5%)

PFO

64/2972 (2.1%)

35/1486 (2.4%)

29/1486 (2%)

Multiple causes

210/2972 (7.1%)

118/1486 (7.9%)

92/1486 (6.2%)

Undetermined

757/2972 (25.5%)

339/1486 (22.8%)

418/1486 (28.1%)

Undetermined after incom-
plete work-up

128/2972 (4.3%)

77/1486 (5.2%)

51/1486 (3.4%)

Continuous and ordinal variables were expressed as medians (with interquartile range), and categorical variables as absolute counts (with per-
centage), unless stated otherwise. Since proportions are calculated on the total number of patients with data available, some variables may display
different denominators depending on the number of missing data. ASPECTS indicates Alberta Stroke Program Early Computed Tomography Score;
CT, computed tomography; EVT, endovascular treatment; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; NIHSS, National Institutes of

Health Stroke Scale; and PFO, patent foramen ovale.

Effect on the Subacute Stroke-Unit Work-Up
and Length of Hospitalization

The proportion of patients with undetermined stroke
mechanism at hospital discharge was not significantly
different between the 2 periods (31.6 versus 28% in MRI
versus CT-paradigm) after adjusting for age, sex, cardiac
diseases, and cancer prevalence (OR_, ” 1.00 [95% CI,
0.69-1.44]; P —0-99; Table 2; Figure S1B).

We found a 5|gn|f|cant trend in the length of hospi-
talization over the study period, characterized by a lin-
ear reduction that was consistent across both imaging

Stroke. 2024;55:1329-1338. DOI: 10.1161/STROKEAHA.123.0451564

paradigms and reached a plateau in the second part
of the MRI period paradigm (Figure 2C). Although this
resulted in a reduction in the median length of hospital-
ization from 9 days (IOR, 6—14) during the CT-paradigm
to 7 days (IOR, 4-12) during the MRI-paradigm, the
effect of the imaging paradigm did not reach statistical
significance in the multivariable analysis (§ coefficient,
—0.27 [95% ClI, —1.36 to 0.81]; P =0.62; Table 2).

The proportion of patients needing any further neuro-
imaging until the end of the acute hospital phase (sub-
acute neuroimaging) decreased in the MRI-paradigm
(MRI-paradigm, 60.1% versus CT-paradigm, 79.0%;
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Table 2. Outcomes of the Overall Cohort and the 2 Groups of Interest

Moving From CT to MRI in Acute Ischemic Stroke

Overall population | CT-paradigm MRI-paradigm
(N=2972) (n=1486) (n=1486) OR (95% CI) | aOR (95% CI) P,
AIS diagnostic workflow
Any acute neuroimaging 2894/2972 1438/1486 1456/1486 1.62 (1.02 to 2.567) | <0.05 | n.p. n.p.
(97.4%) (96.8%) (98%)
Door-to-imaging delay, min* 27 (18 to 143) 27 (17 to 146) 27 (19 to 140.8) 0.00 1.00 8.49 0.11
(-2.69 to 2.69)* (-1.94 to 18.93)*
Door-to-imaging delay (min) in 20 (15 to 26) 19 (15 to 25) 21 (16 to 27) 2.00 <0.05 |8.60 <0.05
IVT candidates* (0.88 t0 38.12)* (5.26 to 11.95)*
Baseline intracranial 2831/2972 1381/1486 1450/1486 3.06 (2.08 to 4.50) | <0.05 | n.p. n.p.
(extracranial) arterial imaging (95.3%) (92.9%) (97.6%)
Baseline perfusion imaging 2147/2632 1175/1434 972/1198 0.95 (0.78 t0 1.16) | 0.59 | n.p. n.p.
(81.6%) (81.9%) (81.1%)
Double acute imaging modality 106/2972 (3.6%) 31/1486 (2.1%) | 75/1486 (5%) 2.49 (1.63 to 3.82) | <0.05 | n.p. n.p.
AlS diagnostic accuracy
Stroke mimic treated with IVT 80/1211 (6.6%) 56/649 (8.6%) 24/562 (4.3%) 0.47 (0.29 to 0.77) | <0.05 | 0.30 (0.11 to 0.80) | <0.05
Stroke chameleon (missed 128/2972 (4.1%) 57/1486 (3.8%) | 66/1486 (4.4%) 1.17 (0.81 t0 1.67) | 0.45 1.15 (0.80 to 1.66) | 0.446
stroke)
Missed intracranial bleeding 4/1129 (0.8%) 1/591 (0.2%) 3/538 (0.6%) 3.31 0.30 n.p. n.p.
on first imaging (patients with (0.34 to 31.83)
IVT only)
Subacute stroke-unit work-up
Undetermined stroke mechanism | 885/2972 (29.8%) | 416/1486 (28%) | 469/1486 (31.6%) | 1.19 (1.01 to 1.39) | <0.05 | 1.00 (0.69 to 1.44) | 0.99
Length of hospitalization, d* 8 (5to 13) 9 (6to 14) 7 (4to0 12) —2.00 <0.05 | —0.27 0.62
(—2.42 to 1.58)* (—1.36 to 0.81)*
Repeated neuroimaging during 2066/2969 1174/1486 892/1483 0.40 (0.34 to 0.47) | <0.05 | 0.20 (0.16 to 0.24) | <0.05
stroke unit hospitalization (69.6%) (79.0%) (60.1%)
(subacute neuroimaging)
Patients’ outcome
3-mo mRS 2 (1t03) 2 (1to4) 2(1t03) 1.21 (1.06 to 1.39) | <0.05 | 0.98 (0.71 to 1.36) | 0.91
7-d mortality 136/2972 (4.6%) 64/1486 (4.3%) | 72/1486 (4.8%) 1.13 (0.80to0 1.60) | 0.48 0.61 (0.26 to 1.40) | 0.24
3-mo mortality 394/2812 (14%) 204/1455 (14%) | 190/1357 (14%) 1.00 (0.81 to 1.24) | 0.99 0.38 (0.07 to 1.91) | 0.24
sICH 63/2972 (2.1%) 39/1486 (2.6%) | 24/1486 (1.6%) 0.61 (0.36 to 1.02) | 0.06 1.00 (0.29 to 3.40) | 0.99

Continuous and ordinal variables were expressed as medians (with interquartile range), and categorical variables as absolute counts (with percentage). OR and P
values are given for the unadjusted and adjusted analyses, 3 variables were reported as B-coefficients and 95% Cls (*). The door-to-imaging delay was adjusted for age,
sex, NIHSS, mRS prestroke, onset-to-door delay, type of onset of stroke (onset known) and nonlinear time trend variable; the same factors for adjustment were used for
the door-to-imaging delay in the thrombolysis candidates; the rate of stroke mimics was adjusted for year of admission, age, sex, NIHSS and nonlinear time trend vari-
able; the rate of missed strokes was adjusted for age, sex, NIHSS, and onset-to-door delay (min); the rate of patients with undetermined stroke mechanism at the end of
acute hospitalization was adjusted age, sex, cardiac failure, atrial fibrillation, active cancer and linear time trend variable; the length of hospitalization was adjusted for age,
sex, NIHSS, mRS prestroke, diabetes, VT, EVT and nonlinear time trend variable; the mRS at 90 d and mortality were adjusted for age, sex, NIHSS, baseline glucose,
decreased level of consciousness, onset-admission delay, VT, EVT, active cancer, cardiac disease, chronic renal failure, mRS prestroke and nonlinear time trend variable.
SICH was adjusted for age, baseline NIHSS, sex, baseline blood glucose, IVT, EVT, onset-to-IVT delay (min), door-to-groin puncture delay (min), prestroke antiplatelets,
prestroke anticoagulants, baseline ASPECTS. AIS indicates acute ischemic stroke; aOR, adjusted odds ratio; CT, computed tomography; EVT, endovascular treatment;
IVT, intravenous thrombolysis; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; n.p., not performed;
OR, odds ratio; OR and F’ad, adjusted OR and Pvalue (multivariate analysis); ORunadJ and Pmd, unadjusted OR and P value (univariate analysis); and sICH, symptomatic
intracerebral hemorrhage

*B-coefficient and 95% CI.

OR,,, 020 [95% Cl, 0.16-0.24]; P,.<0.05; Table 2;

Figure 2D).

Table 2; Figure S1C). We did not observe any statisti-
cally significant difference in mortality at 7 days and at 3
months nor in SICH (Table 2; Figure S1D through S1F).

Patients’ Outcome

The 3-month mRS was missing in 5.4% (160/2972)
of patients. The difference in the 3-month functional
outcome was not statistically significant between the 2
paradigms in the multivariable ordinal regression analy-
sis (OR,, for favorable mRS-shift of CT-paradigm ver-
sus MRI- paradlgm 0.98 [95% CI,0.71-1.36]; P, ,~=091;

DISCUSSION

Our study showed the feasibility of using MRI as first
imaging modality in all suspected AlS, since during the
MRI-first paradigm 80% of patients effectively under-
went MRI and 98% had an acute brain imaging exam.
Compared with the CT-first paradigm, the MRI-first
1334
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AIS during CT period
N=1486
Imaging performed >24h after stroke
onset n=48/1486 (3.2%)
Imaging performed <24h

after stroke onset
n=1438 (96.8%)

AIS during MRI period
N=1486
Imaging performed >24h after stroke
onset n=30/1486 (2%)
Imaging performed <24h

after stroke onset
n=1456 (98%)

n=264/1486 (18%)

n=17/1486 (1.14%)

MRI as first imaging (physician decision)

CT
as first imaging

- 4/17 with unknown onset to check for DWI/FLAIR mismatch

- 11/17 with suspected minor posterior strokes

Reasons for not attempting MRI as first imaging

Pacemaker, implants, devices, metallic

9
objects, et 85 (32.2%)

32 (12.1%)
30 (11.4%)
23 (8.7%)
16 (6.1%)
10 (3.8%)

Stroke not suspected

Agitation/behavioral

MRI
attempted as first
imaging

Clinically unstable
Organizational issues/occupicd
Claustrophobia
Technical problems/breakdown/

8 (3%)

Intubated 5.(1.9%)
Refusal 1(0.4%)
Other reasons 48 (18.2%)
Multiple reasons 6 (2.3%)

n=1421/1486 (95.6%)

MRI as
first imaging,
sufficient
quality

n=32/1192 (3%)

Reasons for MRI of insufficient quality

Initial agitation/ behavioral [ 31

Clinically unstable [ 1

CT-only=1388/1486
(93.4%)

MRI as first line imaging
with good quality available
<24h from stroke onset
n=1160/1192 (97%)

Figure 1. Flowchart displaying the numbers and reasons for not obtaining the intended good quality study corresponding to the

imaging paradigm period.

AlS indicates acute ischemic stroke; CT, computed tomography; and MRI, magnetic resonance imaging.

paradigm was associated with lower rates of stroke mim-
ics treated with IVT and fewer repeated neuroimaging
exams during the subsequent stroke unit hospitalization.
However, MRI was associated with more double imaging
modalities in the acute phase of stroke care. Although
we also observed a slight increase of the door-to-
imaging delay in potential IVT candidates, this was not
significantin the overall population. The initial acute imag-
ing modality did not affect the rate of missed strokes and
missed intracranial bleeding, the rate of undetermined
stroke mechanism at the end of the hospitalization, the
length of hospitalization, or the 3 months functional out-
come, mortality, and SICH.

A previous study on the feasibility of the MRI-first
paradigm reported a lower rate of acute brain imag-
ing (91%), but a higher rate of MRI as the first imaging
modality (89.5%).'° In our cohort, the main reason for not
attempting MRI was the presence of implanted devices,
followed by patient's agitation and clinical instability.
The rate of double acute imaging during the MRI para-
digm (5%) was higher than during the CT-first paradigm
(2.1%). This occurred either from poor-quality initial MR,
mainly due to motion artifacts in agitated patients, requir-
ing a CT after the initial interrupted MR, or because MRI

Stroke. 2024;55:1329-1338. DOI: 10.1161/STROKEAHA.123.0451564

was added after an initial CT, mostly because of uncer-
tainty of stroke diagnosis after a negative CT. Nonethe-
less, the MRI paradigm resulted in a reduction from 79%
to 60% of subacute neuroimaging during the hospital-
ization phase, which largely compensated the increased
double imaging in the acute phase and resulted in a
lower overall number of brain imaging exams.

Although the median door-to-imaging delay in the
overall AIS population was similar between MRI and
CT paradigms, the introduction of the MRI did result in
a reversal of the previously observed trend of progres-
sive reduction in the delay. The longer delay to imaging
initiation with MRI may in part result from the need to
confirm of the absence of contraindications to MR, such
as the presence of pacemakers, metallic implants, or
claustrophobia. Another factor is the patient preparation,
which involves the removal of all metallic objects and the
use of an MRI-compatible monitoring system. However,
the median door-to-imaging delay of 27 minutes in the
whole AIS population is comparable to other studies,'®'®
and aligns with international guidelines recommending
rapid imaging for patients with AIS2° Even though these
guidelines specifically address revascularization candi-
dates, the same concept applies to all patients with AIS,
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Figure 2. Time trend analyses of 4 different outcomes, separated in groups of 300 patients.

A, Door-to-imaging delay; (B) rate of thrombolysis of stroke mimics; (C) length of hospital stay; and (D) rates of additional neuroimaging in the
subacute phase of hospitalization. Red lines denotes computed tomography (CT) paradigm, blue lines: magnetic resonance imaging (MRI)-
paradigm. CT 1st, 2nd, etc denotes first, second, etc groups of 300 patients in the CT paradigm. MRI 1st, 2nd, etc denoted first, second, etc
groups of 300 patients in the MRI paradigm. edf indicates effective df; and IVT, intravenous thrombolysis.

and our study findings suggest that this can be achieved
through both MRI and CT paradigms. In the subgroup of
potential IVT candidates, we found a slight but statistically
significant prolongation of the door-to-imaging delay of
19 versus 21 minutes, similarly to a previous observa-
tion.?! Ways to shorten door-to-imaging delays in a MRI-
first paradigm include standard operating procedures to
immediately identify MRI-contraindications before or at
hospital arrival, like a checklist of MRI contraindications
as routinely use at our hospital, the use exclusively MRI-
compatible ECG-monitoring electrodes in the emer-
gency phase, and conduct regular training sessions for
the acute stroke pathway team. The duration of imaging
acquisition with MRI can also be reduced by applying a

1336  May 2024

minimal imaging sequence protocol that may omit either
perfusion, cerebral time-of-flight, or contrast-based cer-
vical magnetic resonance angiography in early patients
with clear IVT or endovascular treatment indications.??

The finding of a significant reduction of IVT-treated
stroke mimics associated to the MRI-first paradigm is not
surprising given the better sensitivity of MRI compared
with CT in detecting acute ischemic lesions.2?° However,
none of the previous studies comparing CT and MRI in
AIS showed this effect of MRI&'3

In addition, we did not find significant differences in
rates of missed intracranial bleeding on first imaging in
patients with IVT in a univariate comparison, consistent
with the known accuracy of MRI to diagnose intracranial

Stroke. 2024;55:1329-1338. DOI: 10.1161/STROKEAHA.123.045154
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Table 3. Proportion and Justification for Performing a
Second Acute Imaging Modality for Technical or Clinical
Reasons Within 24 Hours After Stroke Onset

CT-paradigm

(n=31/1486, | MRI-paradigm

2.1%) (n=75/1486, 5%)

First CT

First CT then First MRI then | then MRI
Reasons for acute MRI (n=30, CT (n=44, (n=31,
double imaging (<24 h) | 99.9%)* 58.7%) 41.3%)
Organizational issues or NA 2/44 (4.6%) 2/31 (6.4%)
MRI-machine occupied by
another patient
Allergy to contrast agentt | 4/30 (13.3%) | 0/44 (0%) 0/31 (0%)

Insufficient quality of first imaging attempted

Initial agitation 0/30 (0%) 31/44 (70.4%) | 0/31 (0%)

Clinically unstable 0/30 (0%) 1/44 (2.3%) 0/31 (0%)
Diagnostic reasons:

Stroke diagnosis 22/30 (73.3%) | 1/44 (2.3%) 26/31

uncertain on initial (83.9%)

imaging

Additional arterial 1/30 (3.3%) 2/44 (4.6%) 0/31 (0%)

information needed

Other diagnostic reasons | 0/30 (0%) 1/44 (2.3%) 1/31 (3.2%)
Other reasons (including 3/30 (10%) 6/44 (13.6%) | 2/31 (6.4%)

contrast injection failure)

CT indicates computed tomography; and MRI, magnetic resonance imaging.

“During the CT-paradigm just one patient got first an MRI and then a CT (for
diagnostic reasons in a posterior stroke): not in the table.

tlode in CT-paradigm, Gadolinium in MR-paradigm.

bleeding.” The frequency of initially missed stroke (cha-
meleons) did not change between CT and MRI-paradigm.
This finding is not entirely surprising, given that one of the
main reasons for chameleons is clinical under-recognition
of stroke, not the type of neuroimaging.

The proportion of undetermined stroke mechanisms
was not affected by the acute imaging modality per-
formed. It is possible that the high number of MRI per-
formed during the stroke unit hospitalization may have
masked the benefit of acute MRI on this outcome.

Regarding the length of hospitalization, we could not
find a significant effect of MRI in reducing hospital stay.
The observed time trend towards the reduction of hos-
pital stay over the years, had already begun before the
introduction of MRI and reached a plateau during the last
years included in our study. However, we cannot exclude
that the paradigm change participated in maintaining
the temporal trend of hospital stay reduction, driven by
the significantly lower number of repeated imaging in the
subacute phase.

The 3-month disability and mortality were similar in the
2 study paradigms, similarly to previous studies compar-
ing patients’ outcomes related to MRl in AIS.'2326 Other
studies described a certain benefit of MRI in terms of
in-hospital complications and mortality,>>27 even if results
may be biased by baseline imbalances as patients under-
going MRI were younger and had less comorbidities.?”

Stroke. 2024;55:1329-1338. DOI: 10.1161/STROKEAHA.123.0451564
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Our study has limitations. Given that this was a ret-
rospective single-center quality assurance project con-
ducted on a predominantly elderly, White cohort, its
findings mainly apply to patients with these features and
need to be confirmed in other populations. Furthermore,
the patients were seen in a tertiary and university cen-
ter stroke clinic, so there may be referral bias. The study
conducted a time-period of 8 years when treatments and
awareness of stroke have increased: stroke-care may
have improved independently from the type of imag-
ing used in the acute setting. We tried to minimize these
potential effects by adjusting the analyses for a time vari-
able. We did not perform any cost-analysis which could be
a strong argument in healthcare system decisions, consid-
ering the budget when planning the first-imaging strategy
for patients with stroke. Nevertheless, both the reduction
of subacute imaging and the reduced rate of [VT-treated
stroke mimics may be arguments in favor of MR, indi-
rectly reducing costs of acute stroke care. We studied only
patients with confirmed AIS entered in the ASTRAL reg-
istry and did not assess all patients admitted to the ER
with a suspected stroke and finally receiving an alternative
diagnosis. Therefore, we could not assess the influence of
MRI on these patients, including intracranial hemorrhages
and stroke mimics not treated with IV thrombolysis. Finally,
considering the wealth of results and information in the
current article, we have not included separate analyses for
the populations of patients treated with IVT or endovas-
cular treatment assessing treatment-specific outcomes,
such as door-to-needle time, door-to-puncture time, and
SICH, which will be the subject of a separate analysis.

Strengths of the study include the systematic analysis
of feasibility of an MRI-first paradigm for all arriving AIS
patients accounting for many detailed outcome indica-
tors. All previous studies comparing CT versus MRI-based
imaging were focused on time metric, revascularization
rates and functional outcomes.89'21328 |n addition, rather
than comparing effectively performed CT versus MRI, we
compared 2 imaging paradigms reflecting real clinical
practice with its challenges and difficulties.

In conclusion, we could demonstrate the feasibility
of MRI approach as first imaging modality for AIS. We
showed several advantages of MRI over CT in term of
acute diagnostic accuracy, mainly the significantly lower
number of IV thrombolysis in conditions other than
stroke, early identification of the ischemic lesion and
reduced need to perform MRI during the subsequent
hospitalization; the main disadvantage was the slightly
longer delay to imaging in candidates to revasculariza-
tion. Altough we showed some advantages of MRI over
CT in term of acute diagnostic accuracy, mainly the sig-
nificantly lower number of IV thrombolysis in conditions
other than stroke thanks to MRI, the unchanged rate of
patients with stroke initially not recognized in the ER
(chameleons) underline the importance of an accurate
clinical evaluation in the setting of acute stroke, which, at
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present, cannot be replaced even by the most sophisti-
cated imaging available.
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