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ABSTRACT

BACKGROUND: In acute intracerebral hemorrhage (ICH), the prognostic value of the MRI spot sign
on hematoma expansion (HE) and poor functional outcome is poorly known.

METHODS: We retrospectively included patients admitted over a 4-year period for an acute ICH in a
single institution using MRI as the first-line imaging tool. The presence and number of MRI spot signs
on contrast-enhanced T1-weighted imaging was evaluated by one neuroradiologist, blinded from
outcomes. The primary outcome was HE, defined as >6mL or >33% ICH volume growth from initial
MRI to 24-48 h follow-up imaging; the secondary outcome was poor 3-month modified Rankin score
(4-6).

RESULTS: Overall, 147 patients were included, and 62% had a spot sign. Among the 130 patients
with follow-up imaging, 24% experienced HE. HE occurred in 6%, 21% and 43% patients with 0, 1
and >2 spots, respectively (P<0.001). The MRI spot sign was independently associated with HE
(adjusted OR, 6.15 [95%CI 1.60—23.65]; P=0.008), with a dose-dependent effect. The negative and
positive predictive values of the spot sign for HE were 0.94 and 0.35, respectively. Poor functional
outcome occurred in 27%, 32% and 71% patients with 0, 1 and >2 spots, respectively (P<0.001). In
multivariable analysis, the presence of >2 spots was independently associated with poor functional
outcome (adjusted OR, 3.67 [95%CI 1.21-11.10]; P=0.024).

CONCLUSION: The MRI spot sign is an independent biomarker of HE, and the presence of >2 spots
is independently associated with poor 3-month outcome. The lack of spot sign is highly predictive of a

favorable evolution.



INTRODUCTION

Acute intracerebral hemorrhage (ICH) represents 10—20% of all strokes, and leads to high mortality
rates and severe disability in most survivors [1, 2]. Hematoma expansion (HE) is common in the acute
phase of ICH, occurring in 20—40% of patients, and is strongly associated with poor clinical outcome
[3-6]. Although the benefits of therapies targeting HE have currently not been demonstrated,
stratification of HE risk following initial imaging could influence the triage and intensity of
monitoring of ICH patients and improve their prognosis [7]. Moreover, accurate prediction of HE may
be useful to inform relatives about the patient's prognosis, and could help in the design of randomized

trials testing interventions to limit HE.

The spot sign, defined as enhancing foci on imaging within acute ICH corresponding to active
bleeding, is an important predictor of HE [3, 8]. Using computed tomography angiography (CTA), an
independent association between spot sign and HE has been consistently found in several studies,
regardless of the spot sign definition, the timing of CTA acquisition (arterial, venous or parenchymal
phase) and the definition used for HE [3, 4, 9-12]. Consequently, the recent guidelines from the
American Heart Association/American Stroke Association state that CTA may be reasonable to
identify patients at risk for subsequent HE [7]. However, few data exist regarding the predictive value
of the spot sign evaluated on MRI [13, 14], which is the first-line imaging tool in some countries for
acute neurological deficits. In the modern era, only one small-scaled, single-center study has shown an
association between MRI spot sign and discharge modified Rankin Scale (mRS) score [13], but its

association with functional outcome assessed at a later time-point and with HE is still unknown.

Here, we tested the hypothesis that the presence of a spot sign evaluated on contrast-enhanced T1-
weighted imaging is an independent biomarker of HE and poor functional outcome in patients with

acute ICH.



METHODS

Study Design and Data Sources

We retrospectively collected the data from all consecutive patients with acute ICH admitted within

24 h from last seen well in our institution between January 2018 and December 2021, a
comprehensive stroke center in Paris, with available baseline MRI including a contrast-enhanced T1-
weighted sequence. Acute phase management was done according to European guidelines, including
blood pressure target below 140/90 mmHg [15, 16]. Patients with secondary ICH such as trauma,
underlying neoplasm, or hemorrhagic venous infarct were excluded. Patients who underwent surgery
for hematoma evacuation before 24 h follow-up imaging were excluded from the primary outcome
analysis (HE) but were included in the secondary outcome analysis (3-month mRS). Conversely,
patients without an available 3-month mRS score were excluded from the secondary analysis, but were
included in the primary outcome analysis. Our analysis was conducted according to the Strengthening
the Reporting of Observational Studies in Epidemiology criteria for observational studies [17]. The
research was approved by the Rothschild Foundation Hospital review board. Formal informed consent

was waived by the ethics committee owing to the retrospective design.

Clinical Data

The following variables were collected: age, sex, vascular risk factors, prior vascular events, pre-
stroke antithrombotic medication, National Institute of Health Stroke Scale (NIHSS) score on
admission and at 24 h, systolic and diastolic blood pressures on admission and hourly during the first
24hrs, and pre-stroke and 3-month modified Rankin Scale (mRS) score. We also collected the date and
time of last seen without neurological deficit, time of symptoms onset (or symptoms discovery in case
of unwitnessed stroke onset) and baseline MRI. On admission blood sample, we collected platelets
count, prothrombin ratio, international normalized ratio (INR), activated partial thromboplastin time

ratio and fibrinogen level.



Radiological Data

Imaging Protocol

MRI is systematically implemented as the first-line imaging tool in acute stroke suspicions in our
center, except in the case of MRI contraindication or severe agitation. The acute stroke protocol,
which is similar for all patients, is performed on a 3T MRI scanner (Philips 3T Ingenia Elition, Best,
the Netherlands) included diffusion-weighted imaging, intracranial T1-weighted time-of-flight
magnetic resonance angiography, 3D fluid-attenuated inversion recovery, susceptibility-weighted
imaging (SWI), and a contrast-enhanced turbo spin echo T1-weighted imaging. The MRI parameters
were as follows: 3D turbo spin echo T1 postcontrast (repetition time/echo time/turbo spin echo
factor=450 ms/27 ms/25; field of view 230x203 mm, matrix 232x203, slice thickness 1.3 mm,
compress sense factor 10; acquisition duration 56 s), 3-dimensional SWI (repetition time/echo
time=30/7, 13.5, 20, 26.5 ms; field of view 235x174mm, matrix 336x194, slice thickness 2 mm,
compress sense factor §; acquisition duration 54 s). The gadolinium injection was done with a bolus of
Gadobutrol 0.1 mL/kg. The delay between contrast agent injection and the beginning of the T1-
weighted imaging was between 150 and 180 seconds. Noncontrast CT was regularly performed
immediately after MRI to obtain a reference CT at baseline, and this subset of patients was used to
compare ICH volume between the two imaging modalities (see below). Follow-up imaging (CT or

MRI) was routinely scheduled =24 h from baseline imaging to evaluate HE.

Imaging Analysis

To optimize homogeneity in radiological evaluation, one neuroradiologist (AG) reviewed all baseline
MRI using a structured form, blinded to clinical and radiological outcomes. The following variables
were collected: (1) hematoma topography, categorized as deep, lobar or infratentorial; (2) associated
intraventricular hemorrhage; (3) microbleed presence and location; (4) extent of white matter
hyperintensities, using the Fazekas classification; and (5) presence of the spot sign and the number of
spots on contrast-enhanced T1-weighted imaging. The spot sign was defined according to 2 criteria:

(1) spot-like or serpiginous high signal intensity >1.5 mm in at least one dimension located within the



margin of the hematoma and without connection to an outside vessel; and (2) no hyperintensity at the
corresponding location on nonenhanced T1-weighted time-of-flight magnetic resonance angiography.
Typical cases with and without the spot sign are shown in Figure 1. To assess reproducibility of spot
sign evaluation, another neuroradiologist (MM) reviewed a random subset (n=50) of baseline MRIs,
and a consensus was made for discrepant cases. Three months apart from spot-sign evaluation, the
second neuroradiologist performed the volumetric hematoma measurements on baseline MRI (SWI),
acute noncontrast CT (in the subset of patients with acute CT acquired immediately after MRI), and 24
h CT or MRI (SWI), using the Carestream Vue PACS software, blinded from clinical outcomes and

spot sign status.

Study Outcomes

The primary outcome was substantial HE, defined as an absolute ICH volume growth >6 mL or a
relative growth >33% from initial MRI to 24 h follow-up imaging [3]. In patients for whom HE was
evaluated from baseline MRI to 24 h CT, a 11% correction of baseline MRI ICH volume was applied
to account for the MRI-to-CT volumetric overestimation observed in the subset of patients with both
acute MRI and CT (see Results). The secondary outcome was poor functional outcome, defined as a
mRS score of 4-6 at 3 months considering the overall poor functional outcome in patients with acute

ICH.

Statistical Analysis

Continuous variables are described as meantstandard deviation or median (interquartile range [IQR]),
as appropriate, and categorical variables as numbers and percentages. Interobserver agreement for spot
sign presence and number of spots was measured using Kappa and overall weighted Kappa statistics,
respectively. Univariable relationships between HE and baseline characteristics were assessed using
Student’s ¢ test or the Mann-Whitney U test for continuous variables, and the Chi-square test of
Fisher’s exact test for categorical variables, as appropriate. To adjust for potential confounders,
multivariable binary logistic regression analysis was performed using a forward stepwise selection

procedure with HE as the dependent variable. Covariates candidates into the multivariable regression



model were significant at a threshold of £<0.20 in the univariable analysis. Covariates were assessed
for collinearity and interaction effects. The same procedure was repeated with poor functional
outcome (mRS 4—6) as the dependent variable. Last, sensitivity, specificity, and positive and negative
predictive values of the MRI spot sign to predict outcomes were calculated. All tests were 2-tailed, and
the threshold for statistical significance was set to P<0.05. Statistical analyses were conducted using

SPSS 28.0 (IBM, Armonk, NY) and R version 4.0.4 (R Project for Statistical Computing).

RESULTS

Study Population

During the study period, 194 patients with acute ICH were admitted in our institution. Among these,
147 fulfilled the inclusion criteria (see Figure 2 for exclusion reasons). The comparison of included vs
excluded patients is provided in Table 1. Excluded patients had higher rates of atrial fibrillation and
pre-stroke anticoagulant therapy, and higher baseline NIHSS than included patients, but the two
populations were otherwise similar. Included patients had a median age of 66 (IQR, 53—80) years, 50
(34%) were female, median NIHSS was 13 (IQR, 8—19) and 33 (22%) patients had unwitnessed
symptoms onset. Median last seen well-to-imaging time was 136 min (IQR, 100—289), symptoms
discovery-to-imaging time was 111 min (IQR, 85-169), 99 (67%) patients had a deep ICH, and median
ICH volume was 14 mL (IQR, 6—30). A spot sign was present in 91 (62%) patients. The number of
spots was 0, 1 and >2 in 56/147 (38%), 31/147 (21%) and 60/147 (41%), respectively. The comparison
of the spot-sign positive and negative patients is provided in Table 2. Patients with vs those without
the spot sign were older, more frequently had antiplatelet therapy, had more severe NIHSS, earlier last
seen well-to-imaging delay, and larger ICH volume. There was an excellent interobserver concordance
for the presence of the spot sign (Kappa, 0.96 [95% CI, 0.88—1.00]) and the number of spots (overall

weighted Kappa, 0.95 [95% CI, 0.90—1.00]).

Primary Outcome Analysis (HE)
One-hundred and thirty patients were included in the primary outcome analysis (see Figure 2 for

exclusion reasons). Follow-up imaging was CT in 128 patients and MRI in 2 patients; median



baseline-to-24 h follow-up imaging time was 23 h (IQR, 18—28). Fifty-nine patients had a noncontrast
CT acquired immediately following the acute MRI (median MRI-to-CT delay, 25 min [IQR, 16—32]),
with a median absolute ICH volume difference between CT and MRI of —1 mL (IQR, —2, 0) and a
median relative ICH volume difference of —11% (IQR, —22, —3). Consequently, in an attempt to
compensate for such ICH volume difference between MRI and CT, a —11% correction of baseline
MRI ICH volume was applied for the HE evaluation in patients with a 24 h follow-up CT, with 31
(24%) patients experiencing HE. Poor 3-month functional outcome was significantly more frequent in

patients with, as compared to those without, HE (22/31 [71%] vs 39/97 [41%], respectively; P=0.003).

Univariable Analysis

The univariable comparison of patients with vs without HE is presented in Table 3. HE was associated
with older age, higher NIHSS, larger ICH volume and presence of the spot sign. HE occurred in 3/50
(6%), 6/29 (21%) and 22/51 (43%) patients with 0, 1 and >2 spots, respectively (P<0.001; Figure 3A).
HE volume increased with the number of spots, being 0 mL (IQR, —1, 1), I mL (IQR, 0, 3) and 3 mL
(IQR, 1, 9) in patients with 0, 1 and >2 spots, respectively (P<0.001). The sensitivity, specificity, and
negative and positive predictive values of the spot sign for HE were 0.90 (95% CI, 0.74—0.98), 0.47
(0.37—-0.58), 0.94 (0.83—0.99) and 0.35 (0.25—0.46), respectively. The mean systolic and diastolic
blood pressure over the first 24hrs was similar in both groups (systolic blood pressure: median= 138
mmHg [IQR, 132-144] vs 140 mmHg [IQR, 136-145] in the no HE vs HE groups, respectively,
P=0.34; diastolic blood pressure: median= 78 mmHg [IQR, 71-85] vs 80 mmHg [IQR, 65-85],

respectively, P=0.88).

Multivariable Analysis

After stepwise variable selection into the multivariable model using the variables with P<0.20 from
Table 3, the presence of the spot sign was independently associated with HE (OR, 6.15 [95% CI,
1.60—23.65]; P=0.008; adjusted on NIHSS and ICH volume; Table 4, Model 1). The odds of HE

increased with the number of spots (Table 4, Model 2).



Secondary Outcome Analysis (3-Month mRS 4-6)
One-hundred and forty-five patients were included in the secondary outcome analysis (see Figure 2

for exclusion reasons), of whom 67 (46%) had a poor 3-month functional outcome.

Univariable Analysis

The univariable comparison of patients with vs without poor functional outcome is presented in Table
5. Patients with poor functional outcome were older, had more vascular risk factors and previous
stroke, higher NIHSS, higher fibrinogen level, larger ICH volume, more frequently intraventricular
hemorrhage, microbleeds and a spot sign. The 3-month mRS range according to the number of spots is
presented in Figure 3B. Poor functional outcome occurred in 15/55 (27%), 10/31 (32%), and 42/59
(71%) patients with 0, 1 and >2 spots, respectively (P<0.001). The sensitivity, specificity, and
negative and positive predictive values of the spot sign for poor functional outcome were 0.78 (95%

CL, 0.66-0.87), 0.51 (0.40—0.63), 0.73 (0.59—0.84) and 0.58 (0.47-0.68), respectively.

Multivariable Analysis

After stepwise variable selection into the multivariable model using the variables with P<0.20 from
Table 5, there was a nonsignificant trend towards an independent association between the presence of
the spot sign and poor 3-month functional outcome (Table 4, Model 1). However, there was a
significant independent association between number of spots and 3-month poor functional outcome,
after adjustment on age, NIHSS, diabetes, microbleeds and previous stroke (Table 4, Model 2). The

results were very similar if ICH volume was forced into the multivariable models (data not shown).



DISCUSSION

This novel study aimed to evaluate the association between the MRI spot sign evaluated on a contrast-
enhanced T1-weighted sequence and HE and poor functional outcome in patients with acute ICH.
Three salient findings emerged. First, the MRI spot sign was associated with an increased risk of HE.
Second, the risk of HE increased with higher spot-sign burden. Third, the presence of 2 or more MRI

spots was independently associated with poor 3-month functional outcome.

The prevalence of the spot sign was 62% in our cohort, which is higher than in the two previous
single-center studies reporting spot sign on contrast-enhanced T1-weigthed MRI in patients with acute
ICH (33% and 49%, respectively) [13, 14]. The discrepancy may be explained by the use of a very
low-field magnet in the former study (0.2T vs 3T) [14], the different types of contrast-enhanced T1-
weighted sequence used [13, 14], and by an unusual low baseline NIHSS (median 6.5 vs 13 in our
dataset) and long symptoms onset-to-imaging delay (7.2 h vs 2.3 h) for an acute ICH population in the
latter study [13]. The prevalence of the CTA spot sign is also highly variable across studies (range,
18—60%) [3, 4, 9-12], the most influential factors likely being variability in the time from ICH onset to
imaging and variations in time to CTA acquisition after administration of the contrast bolus [10, 12,
18]. Indeed, several CT studies have shown that the spot sign is a dynamic entity, being more
prevalent in CTA acquired at the venous or parenchymal phase than in CTA acquired at the arterial

phase [10, 12, 18].

To our knowledge, ours is the first study to show an independent association between the MRI spot
sign and HE or poor functional outcome. In the 1990s, Murai et al. described a similar association
using a 0.2T MRI, yet their results were not adjusted on important confounders such as baseline
clinical severity or ICH volume, limiting their conclusions [14]. More recently, another group did not
find an association between MRI spot sign and HE, likely due to the small sample size (n=25) [13].
They reported, however, a significant association with discharge mRS, but did not adjust the results on
potential confounders [13]. In our study, the negative predictive value of the spot sign was high for

both HE and poor functional outcome (0.94 and 0.73, respectively), but the positive predictive value
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was low (0.35 and 0.58), indicating that a good radiological or clinical evolution is highly likely in the
absence of the MRI spot sign, yet its presence does not reliably predict either HE or poor clinical
outcome. The high sensitivity and low specificity are consistent with CTA studies evaluating spot sign
at the venous phase or later, as done here on contrast-enhanced T1-weighted MRI. Using earlier, such
as arterial, CTA acquisitions significantly reduces the sensitivity of spot sign but increases its
specificity for HE prediction [10, 12]. The precise pathophysiological processes underlying the MRI
spot sign are uncertain and may differ for CT, since MRI and CT are based on entirely different
physical principles. In contrast to CTA, there is no contrast enhancement within the vessel in contrast-
enhanced T1-weighted MRI. Hence, contrast-enhanced T1-weighted can only detect leakage of the
contrast agent from an injured vessel, which may correspond to leakage from an active arterial source
but also venous stasis or blood-brain barrier disruption [13, 19]. As far as we know, the MRI spot sign
has never been studied on post-contrast arterial magnetic resonance angiography, and a direct

comparison between CTA and MRI spot sign is lacking. Further studies are warranted.

Importantly, we found that the risk of HE was higher in the case of high spot sign burden (>2 spots), in
line with previous studies using the CTA spot sign [9, 20]. This dose-dependent relationship may help
further to stratify the patients at risk of poor radiological evolution. However, while the presence of 2
or more spots was associated with a poor 3-month functional outcome, there was little difference in
the prevalence of a poor functional outcome when comparing 0 and 1 spot sign, which might be due to

a lack of power.

Our findings expand the clinical interest of the spot sign to the MRI population, which is the first-line
imaging tool in some countries for suspicion of acute stroke. Stratifying the patients at high risk of HE
or poor functional outcome using clinical and radiological biomarkers has several potential interests.
First, it may help the triage and intensity of monitoring of ICH patients in centers where MRI is used
as first-line imaging tool. For example, the clinical management of acute ICH patients without the spot
sign (i.e., at very low risk of further deterioration) may reasonably be done in a primary stroke center

without an on-site neurosurgery, whereas the monitoring of patients with >2 spots may be more
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reasonable in comprehensive centers. Second, it is valuable to inform relatives about the patient's
prognosis on admission. Last, it may have potential implications for clinical trial design in patients
with acute ICH because the success of future treatments aiming to prevent HE may depend on accurate
determination of patients at risk of HE (e.g., selecting the patients with >2 MRI spots). For these
reasons, adding a contrast-enhanced T1-weighted sequence to the standard MRI protocol may be of
interest for centers using MRI to measure acute neurological deficits. The guidelines from the
American Heart Association/American Stroke Association state that CTA may be reasonable to
identify patients at risk for subsequent HE, and some centers with MRI as first-line imaging tool
routinely perform a CT/CTA immediately following the acute MRI. As our results suggest that the
MRI spot sign has a good predictive value for HE, repeating CT/CTA following an acute post-contrast

MRI may not be warranted.

Our study has several limitations. First, roughly one-quarter of the patients with acute ICH admitted
during the study were excluded, mainly because of the lack of a contrast-enhanced T1-weigthed
sequence. The contrast-enhanced T1-weigthed sequence was mostly withheld to shorten the MRI
duration in patients with severe condition or agitation, which induced a selection bias towards less
severely affected patients. Second, our study is single center and had a moderate sample size. An
external validation in a larger dataset is warranted. Third, we compared ICH volume on baseline MRI
baseline with follow-up CT in most patients. However, the CT-to-MRI absolute difference in ICH
volume measurement evaluated in the subset of patients with both CT and MRI on admission was
small (median of —1 mL), and was taken into account in our analyses of HE. Last, the precise ICH
topography (i.e., according to brain regions eloquence) was not retrieved in our dataset, while it may
be a relevant predictor of 3-month functional outcome. However, eloquent brain region evaluation is
not always straightforward on visual imaging analysis. Moreover, the involvement of eloquent brain

region is well captured by the admission NIHSS, which was included in our multivariable models.
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CONCLUSION

The spot-sign evaluated on a contrast-enhanced T1-weighted MRI sequence is independently
associated with HE, and the presence of >2 spots is an independent predictor of poor 3-month
outcome. Given its high negative but low positive predictive values, the MRI spot sign may be of

particular clinical interest when absent, being predictive of a good evolution.
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Table 1. Comparison of Included and Excluded Patients.

Included Excluded P value
N=147 N=47
Age 66 (53-80) 64 (49-78) 0.25
Female gender 50 (34%) 16 (34%) 0.99
Vascular risk factors
Hypertension 91 (62%) 28 (60%) 0.78
Diabetes 25 (17%) 11 (23%) 0.33
Dyslipidemia 26 (18%) 9 (19%) 0.42
Active smoking 21 (14%) 9 (19%) 0.42
Prior stroke 24 (16%) 10 (21%) 0.37
Prior atrial fibrillation 10 (7%) 10 (22%) 0.01
Pre-stroke medication
Antiplatelets 24 (16%) 7 (15%) 0.82
Anticoagulant 19 (13%) 14 (30%) <0.01
Systolic blood pressure,* mmHg 154 (138-171) 151 (133-171) 0.36
Diastolic blood pressure,* mmHg 86 (74-104) 81 (72-96) 0.19
NIHSS 13 (8-19) 18 (13-23) <0.01
Last seen well-to-imaging time, min 136 (100-293) 127 (94-170) 0.47

Categorical variables are expressed as numbers (%) and continuous variables as median (IQR) or
mean (SD). NIHSS indicates National Institute of Health Stroke Scale.

The reasons for exclusion are presented in Figure 2.

a: first blood pressure measured after arrival, in the imaging room.
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Table 2. Comparison of Patients With and Without Spot Sign.

Spot sign negative Spot sign positive P value
N=56 N=91
Age 62 (49-74) 69 (56-83) 0.01
Female gender 19 (34%) 31 (34%) 0.99
Medical history
Vascular risk factors
Hypertension 31 (55%) 60 (66%) 0.20
Diabetes 8 (14%) 17 (19%) 0.49
Dyslipidemia 11 (20%) 15 (17%) 0.63
Active smoking 5(9%) 16 (18%) 0.15
Previous stroke 9 (16%) 15 (17%) 0.95
Previous atrial fibrillation 2 (4%) 8 (9%) 0.32
Pre-stroke medication
Antiplatelets 4 (7%) 20 (22%) 0.02
Anticoagulant 4 (7%) 15 (17%) 0.10
Baseline clinical characteristics
Systolic blood pressure,* mmHg 154 (141-172) 154 (136-170) 0.56
Diastolic blood pressure,* mmHg 87 (75-104) 89 (73-101) 0.53
NIHSS 8 (5-16) 16 (11-21) <0.01
Baseline biological characteristics
Platelets count, G/L 221 (186-274) 245 (192-289) 0.21
Prothrombin ratio, % 98 (88-100) 98 (88-100) 0.56
INR > 1.20 6 (11%) 5 (6%) 0.33
Activated partial thromboplastin time ratio 0.97 (0.88-1.05) 0.99 (0.90-1.04) 0.61
Fibrinogen, g/L 3.7(3.1-4.2) 3.9 (3.2-4.4) 0.46
Imaging characteristics
Last seen well-to-imaging time, min 225 (126-445) 118 (90-185) <0.01
Unwitnessed stroke onset 15 (27%) 18 (20%) 0.32
ICH location 0.22
Deep 34 (61%) 65 (71%)
Lobar 18 (32%) 24 (26%)
Infratentorial 4 (7%) 2 (2%)
Associated intraventricular hemorrhage 10 (18%) 30 (33%) 0.05
Microbleeds 21 (38%) 38 (42%) 0.61
ICH volume, ml 8 (4-19) 17 (9-34) <0.01

Categorical variables are expressed as numbers (%) and continuous variables as median (IQR) or

mean (SD). ICH indicates intracerebral hemorrhage, NIHSS, National Institute of Health Stroke Scale.

a: first blood pressure measured after arrival, in the imaging room.
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Table 3. Univariable Associations Between Baseline Characteristics and Hematoma Expansion’

Hematoma No hematoma P value
expansion expansion
(n=31) (n=99)
Age 75 (63-83) 65 (52-79) 0.03
Female sex 6 (19%) 36 (36%) 0.08
Medical history
Vascular risk factors
Hypertension 24 (77%) 59 (60%) 0.07
Diabetes 6 (19%) 14 (14%) 0.57
Dyslipidemia 5 (16%) 19 (19%) 0.70
Active smoking 6 (19%) 12 (12%) 0.37
Previous stroke 8 (26%) 14 (14%) 0.13
Previous atrial fibrillation 2 (7%) 6 (6%) 0.99
Pre-stroke medication
Antiplatelets 7 (23%) 15 (15%) 0.34
Anticoagulant 6 (19%) 12 (12%) 0.37
Baseline clinical characteristics
Systolic blood pressure® (mmHg) 154 (138—169) 153 (138—172) 0.82
Diastolic blood pressure” (mmHg) 91 (75—108) 84 (74—101) 0.53
NIHSS 19 (16—22) 11 (7-18) <0.01
Baseline biological characteristics
Platelets count, G/L 234 (191-284) 238 (191-277) 0.64
Prothrombin ratio, % 98 (89-100) 98 (89-100) 0.94
INR > 1.20 2(7%) 7(7%) 1.0
Activated partial thromboplastin time ratio 0.98 (0.89-1.04) 0.99 (0.92-1.07) 0.50
Fibrinogen, g/L 3.8 (3.2-4.3) 3.9 (3.4-4.4) 0.44
Imaging characteristics
Last seen well-to-imaging time (min) 113 (92-199) 148 (101-338) 0.18
Unwitnessed stroke onset 4 (13%) 23 (23%) 0.22
ICH location 0.22
Deep 17 (55%) 70 (71%)
Lobar 12 (39%) 25 (25%)
Infratentorial 2 (7%) 4 (4%)
Associated intraventricular hemorrhage 7 (23%) 27 (27%) 0.60
Microbleeds 14 (45%) 38 (38%) 0.50
ICH volume 24 (13-48) 11 (6-22) <0.01
Spot sign 28 (90%) 52 (53%) <0.01

Categorical variables are expressed as numbers (%) and continuous variables as median (interquartile range) or
mean (standard deviation). ICH indicates intracerebral hemorrhage, and NIHSS, National Institute of Health

Stroke Scale.

T Hematoma expansion was defined as an absolute ICH volume growth >6 mL or a relative growth >33% from

initial MRI to 24 h follow-up imaging. In patients for whom HE was evaluated from baseline MRI to 24 h CT, a
11% correction of baseline MRI hematoma volume was applied, based on the median volume overestimation on
susceptibility-weighted imaging observed in the subset of patients with both acute MRI and CT (see results).

a: first blood pressure measured after arrival, in the imaging room.
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Table 4. Logistic Regression Models Showing Variables Independently Associated With

Hematoma Expansion (Upper Part) and Poor Functional Outcome (Lower Part)

Primary outcome: Hematoma expansion at 24 h

Model 1 Model 2
Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value
NIHSS 1.10 (1.01-1.19) 0.021 1.10 (1.01-1.19) 0.028
per each additional point per each additional point
ICH volume 1.03 (1.01-1.19) 0.028 1.03 (1.00-1.05) 0.047
per each additional mL per each additional mL
Spot sign present 6.15 (1.60—23.65) 0.008 - -
Number of spots - - 0.021
0 - - Ref.
1 - - 4.49 (0.94-21.60)
>2 - - 7.03 (1.78-27.85)
Secondary outcome: Poor 3-month functional outcome (mRS 4 to 6)
Model 1 Model 2
Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Age 1.03 (1.00-1.06) 0.053 1.03 (1.00-1.07) 0.027
per each additional year per each additional year
NIHSS 1.24 (1.14-1.35) <0.001 1.23 (1.13-1.34) <0.001
per each additional point per each additional point
Previous stroke 11.33 (2.67-48.03) <0.001 9.77 (2.36-50.39) 0.002
Diabetes 3.83 (1.09-13.52) 0.037 3.47 (0.98-12.28) 0.054
Microbleeds 2.40 (0.94-6.11) 0.067 2.27 (0.87-5.90) 0.092
Spot sign present 2.29 (0.82—6.39) 0.114 - -
Number of spots - - 0.024
0 - - Ref.
1 - - 0.94 (0.26-3.43)
>2 - - 3.67 (1.21-11.10)

CI indicates confidence interval; ICH, intracerebral hemorrhage, NIHSS, National Institute of Health

Stroke Scale; and OR, odds ratio.
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Table 5. Univariable Associations Between Baseline Characteristics and Poor 3-month

Functional Outcome

mRS 0-3 mRS 4-6 P value
(n=78) (n=67)

Age 62 (49-75) 75 (62—83) <0.01
Female sex 29 (37%) 20 (30%) 0.35
Medical history
Vascular risk factors

Hypertension 42 (54%) 48 (72%) 0.03

Diabetes 7 (9%) 18 (27%) <0.01

Dyslipidemia 13 (17%) 12 (18%) 0.84

Active smoking 11 (14%) 10 (15%) 0.88
Previous stroke 4 (5%) 20 (30%) <0.01
Previous atrial fibrillation 3 (4%) 7 (10%) 0.19
Pre-stroke medication

Antiplatelets 6 (8%) 17 (25%) <0.01
Anticoagulant 9 (12%) 10 (15%) 0.55

Baseline clinical characteristics
Systolic blood pressure® (mmHg) 154 (139-167) 154 (138—181) 0.84
Diastolic blood pressure” (mmHg) 84 (73-98) 89 (75—106) 0.52
NIHSS 10 (5-14) 18 (15-22) <0.01
Baseline biological characteristics
Platelets count, G/L 241 (195-289) 227 (187-273) 0.24
Prothrombin ratio, % 98 (90-100) 98 (85-100) 0.25
INR > 1.20 4 (5%) 7 (10%) 0.23
Activated partial thromboplastin time ratio 0.99 (0.90-1.05) 0.96 (0.90-1.03) 0.44
Fibrinogen, g/L 3.7 (2.9-4.1) 3.9 (3.4-4.5) 0.04
Imaging characteristics
Last seen well-to-imaging time (min) 130 (92-253) 150 (103-304) 0.25
Unwitnessed stroke onset 17 (22%) 16 (24%) 0.77
Left ICH side® 42 (56%) 39 (60%) 0.63
ICH location 0.86

Deep 54 (69%) 44 (66%)

Lobar 21 (27%) 21 (31%)

Infratentorial 3 (4%) 2 (3%)
Associated intraventricular hemorrhage 14 (18%) 26 (39%) <0.01
Microbleeds 25 (32%) 34 (51%) 0.02
ICH volume 9(5-19) 23 (13-40) <0.01
Spot sign 38 (49%) 52 (78%) <0.01

Categorical variables are expressed as numbers (%) and continuous variables as median (IQR) or mean (SD).
ICH indicates intracerebral hemorrhage, and NIHSS, National Institute of Health Stroke Scale.
a: first blood pressure measured after arrival, in the imaging room.

b: for supra-tentorial ICH only.

21



Figure 1. Illustrative Cases With and Without the MRI Spot Sign

Baseline MRI

TOF-MRA Contrast-enhanced T1 24hr CT

Patient 1

Patient 2

Patient I: Baseline MRI, performed 150 min following onset of a left hemiplegia in a 60-year-old
woman (NIHSS 12), showing a deep left ICH on susceptibility-weighted imaging (9 mL) associated
with intraventricular hemorrhage. No spot sign was found on contrast-enhanced T1-weighted
sequence. ICH volume was stable on 24 h follow-up CT (8 mL). Three-month mRS score was 2.
Patient 2: Baseline MRI, performed 101 min following onset of a right hemiplegia in a 76-year-old
man (NIHSS 16), showing a deep left ICH on susceptibility-weighted imaging (14 mL). Two spots
were found on contrast-enhanced T1-weighted sequence, with no corresponding hyperintensities on
the nonenhanced T1-weighted TOF-MRA. Hematoma expansion occurred on 24 h follow-up CT (24 h
volume, 32 mL). Three-month mRS score was 6.

CT indicates computed tomography; ICH, intracerebral hemorrhage; MRI, magnetic resonance

imaging; mRS, modified Rankin scale; NIHSS, National Institute of Health Stroke Scale; and TOF-
MRA, time-of-flight magnetic resonance angiography.
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Figure 2. Study Flow Chart

Acute stroke code with intracerebral
hemorrhage on baseline imaging

N= 194

\ 4

Excluded, N=47

No baseline MRI, N=15
No contrast-enhanced T1, N=29
Hemorrhagic tumor, N=3

Included, N=147

Excluded, N=2

*  Missing 3-month mRS €

|

v

Excluded, N=17

3 ¢ No control imaging, N=11

* Hematoma evacuation, N=6

Secondary outcome analysis
(3-month mRS)
N=145

Primary outcome analysis
(hematoma expansion)

N=130

MRI indicates magnetic resonance imaging; and mRS, modified Rankin scale score.
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Figure 3. Hematoma Expansion and 3-month Modified Rankin Scale Score and According to
Number of Spots
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Panel A represents the prevalence of hematoma expansion according to the number of spots. Error
bars indicate 95% confidence intervals.

Panel B represents 3-month modified Rankin scale score according to the number of spots.

mRS indicates modified Rankin scale.



