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Abstract

Background and Purpose: Patients with stroke mimics, conditions with stroke-like
symptoms, may risk harm if treated with intravenous thrombolysis (IVT). Current guidelines
state low risk of intracranial hemorrhage (ICH) based on studies comprising a total of <400
stroke mimic cases. We aimed to compare safety and outcomes following IVT between

patients with acute ischemic stroke and mimicking conditions.

Methods: We included IVT-treated ischemic stroke patients in the SITS International Stroke
Thrombolysis Registry (SITS-ISTR) 2003-2017, examined with MRI 22-36 hours after
treatment. Outcomes were parenchymal hematoma (PH) after treatment, symptomatic ICH
(SICH) per SITS-MOST, ECASS Il and NINDS criteria, death, and modified Rankin Scale

score at 3 months.

Results: Of 10436 patients, 429 mimics (4.3%) were identified. The most common types
were functional (30.8%), migraine (17.5%), and seizure (14.2%). Patients with mimics had
fewer cerebrovascular risk factors and lower median NIHSS: 7 (IQR 5-10) vs 8 (5-14),
p<0.001. Among mimics versus stroke patients, PH was seen in 1.2% vs 5.1%, p<0.001;
SICH NINDS in 0.5% vs 3.9%, p<0.001; SICH ECASS Il in 0.2% vs 2.1% p=0.007; and

SICH SITS-MOST in 0% vs 0.5%, p=0.28. mRS 0-1 at 3 months was present in 84.1% vs

This article is protected by copyright. All rights reserved.



57.7% (p<0.001), and death within 3 months in 2.6% vs 5.4% (p=0.028) in mimics and stroke

patients respectively.

Conclusions: This large observational study indicates that parenchymal hemorrhage and

SICH following IVT in patients with stroke mimics are uncommon.

Introduction

The only approved medical therapy for acute ischemic stroke (AIS) is intravenous tissue
plasminogen activator (IVT), with an effective treatment time window of 0-4.5 hours from
symptom onset.[1] Earlier treatment is associated with a higher likelihood for good
outcome.[2] However, very rapid assessment may lead to inadvertent treatment of non-stroke
patients presenting with stroke-like symptoms, stroke mimics (SM), risking hemorrhagic
complications, and incurring unnecessary costs.[3] In a stroke unit in London, stroke mimics
accounted for 24.2% of admissions and 8.2-17.2% of bed occupancy.[4] Reported
proportions of treated SM vary depending on diagnostic criteria. A multi-center European
study on IVT in SM reported 100 mimics among 5518 treated patients (1.8%), defining SM
as “patients with clinical details not suggesting a vascular etiology and an alternate diagnosis
convincingly explaining their symptoms”.[5] Higher proportions, 6.5-17.0%, have been
shown in single-center studies using diffusion weighted MRI to distinguish AIS from SM.[6—

9

The risk of symptomatic intracerebral hemorrhage (SICH) after IVT treatment in SM has
previously been shown to be low. The multi-center European study [5] found one case of
SICH per the Second European Co-operative Stroke Study definition (ECASS 11)[10] and one

case of SICH per the National Institutes of Neurological Disorders and Stroke Study
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definition (NINDS)[11]. Both patients recovered from the symptoms caused by the
hemorrhage.[5] Current American Stroke Association guidelines refer to these data, stating
that initiating IVT is preferred over delaying treatment and that the risk of SICH in SM is
“quite low”.[12] A meta-analysis of nine studies using the SICH definition “imaging
evidence of intracerebral hemorrhage with an NIHSS increase of >4 points”, found 2/392
(0.5%) such cases, compared to 417/8085 (5.2%) in the AIS group.[8] Given the paucity of
published cases of SM with cerebral hemorrhagic complications, we sought to investigate the
occurrence of parenchymal hematoma (PH) and SICH in patients with SM within the SITS

International Stroke Thrombolysis Registry.

Our hypothesis was that frequencies of PH, SICH, and death within 3 months are lower, and
that excellent and independent functional outcomes are more common, in patients with SM

compared to AlS.

Methods

Study population and procedures

All patients treated with IVT (Alteplase) recorded in the SITS International Stroke
Thrombolysis Register (SITS-ISTR) between February 2003 and September 2017, with data
confirmed at baseline, 24 hours and discharge, were considered, N=100941. Patients who had
undergone any endovascular intervention were excluded. Only patients with MRI follow-up
22-36 hours after treatment were included, as it has been shown that the vast majority of
bleeding complications occur within this time window.[13] MRI was used due to its higher
sensitivity and specificity in the diagnosis of AIS in comparison with CT. This led to a risk of

selection bias, via preferential exclusion of patients with severe or deteriorating AlS at
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elevated risk for SICH, in whom CT imaging could have been seen as more suitable. The
AIS+MRI comparator group could then be predicted to have milder stroke, and better
outcomes, than unselected patients treated with IVT for AlS. A sensitivity analysis was
conducted to address this, comparing AlS patients treated with IVT having CT follow-up at

22-36 hours with the original SM group with MRI follow-up.

The SITS-ISTR is a prospective, academic-driven, multinational, observational register for
hospitals treating patients with acute stroke. Data was retrieved and analyzed retrospectively.
The SITS-ISTR methodology, including procedures for data collection and management,

patient identification and verification of source data, has been described previously.[14,15]

We collected baseline and demographic characteristics, stroke severity per the National
Institute of Health Stroke Scale (NIHSS), time logistics, medication history, and imaging data
on admission and follow-up, as well as death and functional outcome per the modified
Rankin Scale (mRS) at 3 months. Patients with a discharge diagnosis of ischemic stroke and
patients with a non-stroke diagnosis formed the AIS and SM groups respectively. The non-
stroke patients were further classified into 14 diagnostic categories based on free text
description of the case available in the register, see table 2. Ambiguous cases were classified

after email contact with registry coordinators at individual centers.

Ethics approval and data monitoring

Ethics approval was obtained from the Stockholm Regional Ethics Committee for this project
as part of the SITS-MOST (Safe Implementation of Thrombolysis in Stroke Monitoring
Study) 1l framework. The SITS International Coordination Office monitored the SITS-ISTR

data online and checked individual patient data monthly to identify errors or inconsistencies.
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Outcomes

The main outcome measure was intracerebral parenchymal hematoma (PH), defined as any
contiguous, (non-petechial) intra-parenchymal bleeding, as evidenced on imaging after

treatment with IV-tPA at any timepoint during the acute in-hospital stay.

Secondary outcomes were SICH per SITS-MOST[14], ECASS Il and NINDS-definitions,
death within 3 months, excellent functional outcome (MRS 0-1) and functional independence
(mRS 0-2), and the full-range mRS at 3 month follow-up. SICH events were adjudicated
centrally by the SITS International Coordination Office based on submitted clinical and
imaging reports; images were not available for review. Assessments of clinical parameters,
imaging, and outcomes, as well as choice of MR protocols for imaging follow-up, were done

according to clinical routine at participating centers.

Statistical analysis

We performed descriptive statistics for baseline data and outcomes, comparing patients with
stroke mimics and ischemic stroke. For continuous variables, median and interquartile range
values were calculated. For categorical variables, we calculated percentage proportions by
dividing the number of events by the total number of patients, excluding missing or unknown
cases, as in previous SITS publications.[16,17] Continuous variables were compared using
the Mann-Whitney U-test and dichotomized variables using the Pearson y* or Fisher's exact
method as appropriate. P-values <0.05 (two-tailed) were considered significant. Statistical

analyses were performed in Stata 15.1.
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Results

Of 100941 patients enrolled in the SITS-ISTR between February 2003 and September 2017,
10436 were found eligible for analysis. Stroke mimics comprised 429 (4.3%) of cases (see
fig. 1). The study cohort originated from 560 centers in 43 countries. Table 1 presents
baseline demographic, clinical, and laboratory characteristics of SM and AlIS patients. There
were significant differences in most baseline characteristics. SM patients were younger (52 vs
65 years), more commonly female (53.8% vs 41.4%) and fewer had atrial fibrillation (2.3%
vs 40.7%). Among major risk factors for SICH, SM patients had lower NIHSS scores (7 vs 8)
and baseline systolic blood pressure (140 vs 150 mmHg) compared to AIS. In SM, onset to
treatment time was longer (175 vs 155 minutes) than in AIS. The proportion of patients
examined with MRI at baseline was 4.5% in the SM group vs 15.8% in the AIS group. The
most common SM categories were functional (30.8%), migraine (17.5%) and seizure (14.2%)
(Table 2). Safety and functional outcome data are shown in table 3. There were 5 cases of PH
in the SM group (1.2% vs 5.1%, p<0.001), no cases of SICH per SITS-MOST (0% vs 0.5%),
1 case per ECASS 11 (0.2% vs 2.1%), and 2 cases per NINDS (0.5% vs 3.9%) definitions. No
death was due to SICH per any definition in the SM group. Figure 2 shows a comparison of
MRS scores 0-6 between SM and AIS. The two mimic patients with SICH, (one fulfilling
both ECASS Il and NINDS criteria and one only NINDS criteria) belonged to the subgroup
with an unspecified mimic diagnosis. Of the five patients with PH, two belonged to the
seizure category, and one each to the brain tumor, migraine and unspecified categories. No

SM patients with a previous stroke suffered bleeding complications.

A sensitivity analysis was conducted, comparing baseline characteristics (Table I online-
only) and outcomes (Table Il online-only) of the same stroke mimic patients, to AIS patients
with a CT follow-up at 22-36 hours (n=85664). The differences between SM and AIS

patients regarding age (52 vs 72 years, p<0.001) and NIHSS scores (7 vs 11) were larger.
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Differences in all outcomes followed the pattern from the main analysis and remained

statistically significant.

Discussion

This large, multi-center, observational study has shown that IVT in patients with stroke
mimics is reasonably safe. Mimic patients had a much lower risk of parenchymal hemorrhage
than those with AIS. rare occurrences of SICH per ECASS Il and NINDS, and no instance of
the most severe type, SICH per SITS-MOST. This is consistent with the large difference in
MRS scores and death within 3 months, all in favor of the SM group. The three most common
mimicking conditions were functional symptoms, migraine and seizure. The longer onset-to-
treatment time with no difference in door-to-needle time in the SM group possibly reflects a

diagnostic uncertainty in the pre-hospital setting.

The proportion of patients with mimics was 4.1%, in line with the 4.4% reported in a recent
meta-analysis by Tsivgoulis, et al.[8] This is higher than the 1.8% in the European multi-
center study by Zinkstok, et al, which did not require MRI, used strict mimic criteria, and

was conducted at highly experienced academic stroke centers.[5,18]

Six single-center studies using MRI have shown a wide range of proportions of SM among
IVT-treated patients, between 3.7% and 14.5%, with varying criteria for defining mimics.[6—
9,19,20]The proportion of mimics in our study is at the lower end of this range. However, our
data was collected at 560 centers participating in the SITS-ISTR, which is known to have

highly varying patient volumes and experience in stroke thrombolysis across hospitals.[16]
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In our study, the bleeding rates in the AIS group with MRI follow-up were surprisingly low.
Compared to previous SITS studies of unselected IVT patients, the AIS group with MRI
follow-up had lower median NIHSS, age and burden of co-morbidities. This likely explains
the fewer hemorrhagic complications in our AIS group with MRI follow-up, since these

factors are associated with SICH.[14,21]

There are several limitations to this study, in addition to those inherent to observational
registry studies. Due to few cases of PH and SICH, we were precluded from performing
logistic regression analysis to adjust for the major differences in baseline parameters between
the groups. The requirement for MRI follow-up was set to ascertain that the diagnosis of
stroke mimic was as well-established as possible, but there was no way to ascertain whether
any DWI negative AIS patients could have been misdiagnosed as having a mimic. Detailed
data on MRI protocols used were not available. Furthermore, we lacked detailed data
regarding the diagnostic work-up, which was done according to clinical routine at
participating hospitals. This could explain why 14% of the mimic patients had an unspecified
mimicking condition. Both mimic patients with SICH in our study had an unspecified
diagnosis, which remained despite attempts to contact the treating centers for clarifications.
While we have addressed the potential exclusion of severe or unstable stroke cases from
routine MRI follow-up in a sensitivity analysis, we cannot know whether the MRI criterion
may have excluded any mimic cases with massive SICH, deteriorating so rapidly that MRI
follow-up would be contraindicated. Meanwhile, this would be a limitation in any study of
stroke mimics using MRI. Three-month outcome data was missing in 14% of cases.
Nevertheless, our results on functional outcome and death in patients with SM are consistent

with previous studies.[5,8,22]
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Despite these limitations, our study has provided new knowledge on clinical characteristics
and outcomes of stroke mimic patients treated with IVT. We have demonstrated the
frequency of parenchymal hematoma after IVT in SM in addition to SICH, providing
additional information on bleeding complications that do not meet SICH criteria.
Furthermore, no cerebral hemorrhagic complications in the mimic category with functional
neurological symptoms, together with previous publications, indicates a high degree of
treatment safety in this group. While previous studies have reported bleeding complications
in mimics with Todd’s paralysis, to our knowledge, this is the first study to report an ICH

after thrombolysis in a patient with migraine stroke mimic.

Conclusion

This large, multi-center study has shown that IVT in patients with stroke mimics, especially
with functional neurological symptoms, is reasonably safe in terms of cerebral parenchymal
hematoma and symptomatic intracerebral hemorrhage. While efforts should be made to
identify stroke mimics before IVT,[9] this study lends support to the AHA/ASA guidelines in

that IVT should not be withheld for fear of treating a mimicking condition.
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Table 1. Univariate analysis of baseline variables.

Characteristic

Patient history
Age, years
Women

Atrial fibrillation
CHF
Hypertension
Diabetes mellitus
Hyperlipidemia
Smoking
Previous stroke
Aspirin
Clopidogrel

Oral anticoagulants

mRS pre-1VT 0-1

Clinical parameters
NIHSS baseline
OTT, min

DNT, min

BPsys mmHg
BPdia mmHg
Glucose, mmol/L

Weight, kg

This article is protected by copyright. All rights reserved.

Stroke mimics with
MRI follow-up

n=429

Median (IQR) or

Proportions (%)

52 (39-65)

231/429 (53.8%)
10/418 (2.3%)
11/426 (2.6%)

154/425 (36.2%)

48/428 (11.0%)
83/423 (19.6%)

128/415 (30.8%)
47/426 (11.0%)
73/428 (16.9%)
28/428 (6.5%)
3/375 (0.8%)

382/422 (90.5%)

7 (5-10)
175 (135-230)
69 (45-103)
140 (125-156)
80 (70-90)
5.94 (5.21-6.94)

75 (65-87)

Ischemic stroke with
MRI follow-up

n=10007

Median (IQR) or

Proportions (%)

65 (54-75)

4069/10007 (41.4%)
1618/9898 (40.7%)
566/9897 (5.7%)
5841/9918 (58.9%)
1613/9943 (16.2%)
2976/9600 (31.0%)
342219664 (35.4%)
616/9432 (6.5%)
2567/9936 (25.8%)
44519965 (4.5%)
198/9233 (2.1%)

9033/9749 (92.7%)

8 (5-14)
155 (120-190)
66 (45-95)
150 (135-165)
81 (75-90)
6.44 (5.60-7.78)

75 (65-85)

P-value

<0.001

<0.001

<0.001

0.006

<0.001

0.004

<0.001

<0.001

<0.001

<0.001

0.044

0.075

0.099

<0.001

<0.001

0.093

<0.001

<0.001

<0.001

0.85



Table 2. Frequency of SM categories

SM category N
Functional 132
Migraine 75
Seizure 61
Mimic (without further specification) 59
Other specific neurological disease 22
CNS infection 20
Metabolic disorder 17
Brain tumor 15
Demyelinating disease 7
Circulatory compromise 6
Peripheral vestibulopathy 6
Peripheral nerve palsy 4
Spinal cord compression 3
Delirium 2
Total 429

Table 3. Outcomes

Outcome

PH

SICH (SITS-MOST)
SICH (ECASS 1)
SICH (NINDS)
MRS 0-1 3m

mRS 0-2 3m

Death 3m

SM
n=429 No./Total (%)

5/429 (1.2)
0/429 (0.0)
1/427 (0.2)
21427 (0.5)
276/328 (84.1)
303/328 (92.4)
9/342 (2.6)
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%o of total

30.8%
17.5%
14.2%
13.8%
5.1%
4.7%
4.0%
3.5%
1.6%
1.4%
1.4%
0.9%
0.7%
0.5%

AIS
n=10007 No./Total (%)

508/9993 (5.1)
52/10001 (0.5)
212/9918 (2.1)
383/9939 (3.9)
5004/8668 (57.7)
6020/8668 (69.4)
456/8518 (5.4)

p-value

<0.001
0.28
0.007
<0.001
<0.001
<0.001
0.028



All patients in SITS-ISTR, treated
with IVT data confirmed at
baseline, 24h and discharge
(n=100941)

Excluded (n=90505)

1. Retinal artery occlusion (n=3)
2. No MRl at 22-36 h (n=90185)

A J

Patients eligible for
analysis (n=10436)

l

Stroke mimics (n=429)

-

Acute ischemic stroke (n=10007)

2.4% 2.7%

ISCHEMIC STROKE 32.9% 23.8% 15.5% 10.7% | 7.9% 5.4%
MIMICS 70.1% 14.0% 8.2%
1.8%0-6%
0% 10% 20% 30% 40% 50% 60% 70% 80%

00010203 0435 M6
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