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Objective: Predicting outcome in patients with primary intracerebral haemorrhage
(ICH) in the acute stage can provide information to determine the best therapeutic and
rehabilitation strategies. We prospectively investigated the predictive value of the
functional diffusion map (fDM) in the acute stage of ICH.
Methods: 47 patients with ICH were enrolled for clinical evaluation and MRI within
24 h of symptom onset and 5 days after ICH. Functional diffusion mapping prospectively
monitored the apparent diffusion coefficient (ADC) maps of perihaematomal oedema.
Consequently, the change in perihaematomal oedema was classified into three
categories: increased, decreased, or no significant change. Clinical outcomes were
evaluated 6 months after ICH according to the modified Rankin Scale. Correlation
between clinical outcome and the fDMs was performed.
Results: Among the clinical variables, thalamic haematoma, serum glucose level and
National Institutes of Health Stroke Scale scores were significantly different between
the good- and poor-outcome groups. The percentage of oedematous tissue
undergoing significant change between baseline and Day 5 was also significantly
different between the groups.
Conclusion: fDMs allow for spatial voxel-by-voxel tracking of changes in ADC values.
It may be feasible to use fDMs to predict the functional outcome of patients with ICH
during the acute stage.
Advances in knowledge: The use of fDMs for stroke study is demonstrated. fDMs may
be more suitable to reflect the pathophysiological heterogeneity within oedemas and
may facilitate another thinking process for imaging study of stroke and other
neurological diseases.
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Primary intracerebral haemorrhage (ICH) is associated
with greater mortality and more severe neurological
deficits than any other subtype of stroke [1]. Given the
emphasis placed on the early introduction of rehabilitation
programmes for improving function, prediction of func-
tional outcome in the acute stage of ICH is important.
Perihaematomal oedema develops immediately after ICH
and peaks several days to weeks later [2, 3]. Whether or not
perihaematomal oedema contributes to ICH-induced
neurological deficits and patient outcome is still contro-
versial and warrants further investigation [4, 5]. The
pathophysiology of perihaematomal oedema is compli-
cated and may provide valuable clues [4, 6]. Diffusion
MRI, a technique that can probe tissue microstructure by
measuring the diffusion properties of water within tissues,
has been used to study perihaematomal injury in patients
with ICH, but the results have been inconsistent [7–12].

By monitoring changes in the apparent diffusion
coefficient (ADC) over time, functional diffusion maps
(fDMs) have been developed to monitor regional varia-
tions (both increases and decreases) in ADC values in
order to provide early stratification of the clinical brain
tumour response. Based on the relative change in the
ADC value, fDMs can further classify the regions of
interest (ROIs) into three categories, which correlate
highly with pathological change [13].

Given the inconsistent results of previous studies of
perihaematomal injury by diffusion-weighted imaging,
the diffusion changes within oedematous tissue should
be rapid and heterogeneous. In this study, we hypothe-
sised that the early diffusion changes in perihaematomal
oedema may correlate with functional outcome in
patients with ICH, and that the fDM approach may be
a predictive imaging biomarker in the acute stage of ICH.

Methods and materials

Patients

We prospectively examined 47 patients hospitalised
with acute ICH within 24 h of symptom onset. Patients
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were enrolled in our study after their ICH was confirmed
by CT. Exclusion criteria were large haematomas
requiring emergent surgery, history or imaging findings
of past ICH or other neurological trauma, and evidence
of intraventricular haemorrhage on CT. The following
clinical data were recorded within 24 h after ICH: age,
sex, blood pressure, blood sugar level, haemoglobin
level, white cell count, platelet count, creatinine level,
haematoma volume, volume of perihaematomal oedema
and relative oedema volume (volume of oedema divided
by volume of haematoma). National Institutes of Health
Stroke Scale (NIHSS) scores and Glasgow Coma Scale
(GCS) scores were estimated by two neurosurgeons
within 24 h after ICH. The duration of intensive care unit
stay and the overall duration of hospital admission, as
well as whether a patient had received rehabilitation,
were also recorded. The modified Rankin Scale (mRS)
and Barthel Index (BI) scores were estimated by the same
two neurosurgeons 6 months after ICH.

Patients were divided into either good- or poor-
outcome groups according to their functional outcome.
For the good-outcome group, the mRS score estimated
6 months after ICH ranged between 0 and 2. For the
poor-outcome group, the mRS score at 6 months after
ICH ranged between 3 and 6. The study was part of an
integrated stroke project at Chang Gung Memorial
Hospital, Chiayi, Taiwan, and was approved by the
Institutional Review Board of Chang Gung Memorial
Hospital. All patients, or their families, gave their written
informed consent prior to participation in the study.

MRI

MRI scans were obtained using a 1.5 T MRI scanner
(Gyroscan Intera; Philips Medical Systems, Best,
Netherlands). Patients were scanned at baseline (within
24 h after symptom onset) and again 5 days after
symptom onset. Standard sequences for depiction of
anatomy and haematoma and oedema extent included
axial T2* weighted gradient echo images for location and
haematoma volume [repetition time (TR)/echo time (TE)
355/13.81 ms; excitations 1; flip angle 18u; section
thickness 6.5 mm with a gap of 1.5 mm; and matrix size
5126256] and axial fluid-attenuated inversion recovery
(FLAIR) images for extension of perihaematomal
oedema (TR/TE 6000/120 ms; excitations 2; flip angle
90u, using the same section thickness and matrix size).
Diffusion-weighted images were acquired using a single-
shot spin-echo diffusion-sensitised echo-planar imaging
pulse sequence (TR/TE 2952/69 ms; excitations 1; section
thickness 6.5 mm with a gap of 1.5 mm; and matrix size
1286128). Three-direction (x, y and z gradient directions)
standard diffusion-weighted imaging with multiple
b-values (b-value50 and 1000 s mm22) was acquired.
The ADC map was derived directly from these diffusion-
weighted images.

Functional diffusion map analysis

The ADC maps on Day 5 were coregistered to the
baseline ADC maps (acquired within 24 h) using Statistical
Parametric Mapping 2 (SPM2; www.fil.ion.ucl.ac.uk/spm).

Following coregistration, areas of perihaematomal
oedema were manually contoured on the baseline ADC
maps by a neuroradiologist. The ROIs were marked using
all available imaging data, including CT, T2* weighted
gradient echo and FLAIR imaging. Prospective evaluation
of the ADC maps from different days was performed
using in-house software. Voxels in the perihaematomal
oedema regions were stratified into three categories based
on the ADC change from baseline for each time point. Red
voxels indicated a significant increase in the ADC value,
blue voxels indicated a significant decrease in the ADC
value and green voxels indicated no significant change in
the ADC value.

The thresholds for determining whether there was a
significant change in the ADC value within a voxel were
determined using the 95% confidence intervals (CIs)
calculated from the normal contralateral brain of each
patient on the baseline ADC map, including white matter
and grey matter [13]. The percentage of perihaematomal
oedema within each of the three categories was then
calculated as VR (percentage of red voxels), VB (percen-
tage of blue voxels), and VT (VR+VB).

Statistical methods

The baseline characteristics were presented as mean
and standard deviation. Univariate and multiple step-
wise linear regression model analysis was used to
analyse the relationship between candidate predictor
variables and categorical clinical outcome. Effect values
were summarised as odds ratios per 1.0 unit of each
respective independent variable with 95% CIs. A p-value
of ,0.05 was considered statistically significant. All
statistical analyses were performed using StataH v. 11.0
(StataCorp, College Station, TX).

Results

Clinical and radiological features of patients

Baseline demographic, clinical and radiological char-
acteristics of the 47 enrolled patients are presented in
Table 1. The upper portion of Table 2 shows the
correlation of baseline clinical and laboratory variables
with functional outcome 6 months after ICH. From the
univariate linear analysis, age, thalamic location of
haematoma, serum glucose and NIHSS score correlated
positively with poor functional outcome (p50.039,
p50.022, p50.016 and p50.005, respectively).

Functional diffusion map analysis

Examples of fDM analyses from each group are shown
in Figure 1. Figure 1a,b illustrates selected ROIs from the
baseline ADC map. The red, green and blue data points in
the associated scatter plots (Figures 1c,d) represent three
different categories of ADC change determined on the
fifth day after ICH, as compared with the baseline. The
ratios of diffusional change obtained from the fDM for
each group are summarised in the lower portion of Table 2
and in Figure 2. In the good-outcome group, on the fifth
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day after ICH, VT526.1¡18.4% (mean ¡ standard error
of the mean), which was significantly higher than in the
poor-outcome group (VT514.0¡13.5%; p50.021). From
the multivariate logistic analyses (Columns 4 and 5 of
Table 2), the observed association between VT and
functional outcome remained significant (p50.062).
Thalamic location of haematoma, serum glucose level
and NIHSS score were also associated with functional
outcome based on the multivariate analysis (p50.026,
p50.019 and p50.007, respectively).

Discussion

The capability of the fDM as an early imaging predictor
of functional outcome in patients with acute ICH
was demonstrated in this study. The development of
perihaematomal oedema can be divided into three
temporal phases. The early phase occurs during the first
several hours after ICH and involves hydrostatic pressure
changes during haematoma formation, clot retraction,
mass effect of the haematoma and hypometabolism as the

cause of reduced cerebral blood flow (diaschisis). A
second phase occurs during the first 24–48 h and results
from thrombin production, coagulation cascade activation
and early reperfusion injury. Finally, the delayed phase
occurs 3–5 days after ICH and involves haemolysis of red
blood cells with haemoglobin-induced toxicity; brain
injury related to complement and cytokine release;
neurotoxicity from iron, bilirubin and carbon monoxide;
inflammatory processes; and reperfusion, as well as
oedema resolution [4, 6, 9, 14, 15]. These mechanisms
lead to various types of oedema after ICH, even at the
same time point. Vasogenic oedema, which follows
increased permeability or disruption of the blood–brain
barrier, is the primary type of oedema, but cytotoxic
oedema due to reperfusion or inflammation as a result of
sodium–potassium pump failure has also been proposed.
In addition, interstitial oedema caused by clot retraction
and osmotic oedema caused by liquefaction of haema-
toma are observed soon after ICH, as well as several days
later [14, 16].

Diffusion MRI has contributed greatly to the diagnosis
and understanding of the natural history of ischaemic

Table 1. Baseline characteristics of patients with good and poor outcomes

Outcome group

Characteristics All patients (n547) Good (n518) Poor (n529)

Age (years) 65.5¡12.7 60.5¡11.7 68.6¡12.4
Male 26 (55.3) 11 (61.1) 15 (51.7)
Location of haematoma

Thalamus 18 (38.3) 3 (16.7) 15 (51.7)
Basal ganglia 12 (25.5) 6 (33.3) 6 (20.7)
Putamen 10 (21.3) 5 (27.8) 5 (17.2)
Lobar 6 (12.8) 3 (16.7) 3 (10.3)
Cerebellum 1 (2.1) 1 (5.9) 0 (0.0)

Blood pressure (mmHg)
Systolic 189.7¡22.8 193.4¡19.8 187.5¡24.6
Diastolic 106.1¡16.6 107.6¡13.3 105.2¡18.5
Mean arterial 134.0¡16.4 136.2¡13.0 132.6¡18.3

Serum glucose (mmol l21) 144.7¡59.7 118.2¡24.3 161.7¡69.3
Haemoglobin (g dl21) 14.1¡1.6 14.6¡1.2 13.8¡1.7
Platelet count (1000 per ml) 216.7¡93.9 209.0¡65.7 221.5¡108.6
Creatinine (mg dl21) 1.0¡0.4 0.8¡0.3 1.0¡0.5
White cell count (1000 per ml) 8.2¡2.6 7.7¡2.2 8.5¡2.8
NIHSS score within 24 h 10.7¡5.4 7.7¡5.2 12.5¡4.7
GCS score within 24 h 13.2¡2.7 13.9¡2.2 12.7¡2.9
Days in ICU 6.3¡3.0 5.4¡2.1 6.8¡3.3
Days of admission 18.9¡7.8 16.4¡6.6 20.5¡8.2
Rehabilitation 18 (38.3) 6 (33.3) 12 (41.4)
mRS score at 6 months 3.0¡1.6 1.3¡0.8 4.1¡1.0
BI score at 6 months 57.0¡39.1 96.9¡3.5 32.2¡29.1
Haematoma volume (ml)

Baseline 19.6¡13.8 18.6¡15.4 20.2¡13.0
Day 5 19.4¡13.7 18.4¡14.8 20.0¡13.1
Change between Day 5 and baseline 20.2¡3.4 20.2¡3.4 20.1¡3.5

Oedema volume (ml)
Baseline 20.4¡16.2 17.6¡13.1 22.1¡17.9
Day 5 27.8¡22.5 27.1¡21.6 28.3¡23.4
Change between Day 5 and baseline 7.4¡11.3 9.5¡10.6 6.1¡11.6

Relative oedema volume
Baseline 1.2¡0.7 1.2¡0.6 1.2¡0.8
Day 5 1.7¡1.2 2.0¡1.3 1.6¡1.1
Change between Day 5 and baseline 0.6¡0.9 0.8¡1.0 0.4¡0.9

BI, Barthel Index; GCS, Glasgow Coma Scale; ICU, intensive care unit; mRS, modified Rankin Scale; NIHSS, National Institutes of
Health Stroke Scale.

Data are given as mean ¡ standard deviation or number (percentage).
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Table 2. Predictors of poor functional outcome at 6 months

Univariate analysis Multivariate analysis

Predictors Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Age 1.056 (1.003–1.111) 0.039a

Thalamic location 5.357 (1.272–22.560) 0.022a 15.637 (1.401–174.570) 0.026a

Systolic blood pressure 0.988 (0.962–1.015) 0.386
Diastolic blood pressure 0.991 (0.956–1.027) 0.626
Mean arterial blood pressure 0.986 (0.951–1.023) 0.465
Serum glucose 1.032 (1.006–1.060) 0.016a 1.042 (1.007–1.078) 0.019a

Haemoglobin 0.704 (0.465–1.066) 0.098
Platelet count 1.001 (0.995–1.008) 0.657
Creatinine 4.030 (0.653–24.854) 0.133
White cell count 1.129 (0.885–1.442) 0.328
NIHSS score within 24 h 1.213 (1.059–1.390) 0.005a 1.321 (1.078–1.618) 0.007a

GCS score within 24 h 0.806 (0.613–1.061) 0.124
Baseline haematoma volume 1.000 (1.000–1.000) 0.711
Change in haematoma volume 1.000 (1.000–1.000) 0.971
Baseline oedema volume 1.000 (1.000–1.000) 0.354
Change in oedema volume 1.000 (1.000–1.000) 0.325
Relative oedema volume 0.977 (0.431–2.214) 0.956
Change in relative oedema ratio 0.632 (0.326–1.225) 0.174
VR 0.000 (0.000–1.194) 0.054
VB 0.011 (0.000–1.805) 0.083
VT 0.008 (0.000–0.485) 0.021a 0.004 (0.000–1.321) 0.062a

CI, confidence interval; GCS, Glasgow Coma Scale; NIHSS, National Institutes of Health Stroke Scale; VB, percentage of blue
voxels; VR, percentage of red voxels; VT, VR+VB.

aSignificant differences were defined as those with p-values of ,0.05.

Figure 1. Representative apparent diffusion coefficient (ADC) maps and functional diffusion map (fDM) scatter plots for
patients in each group. (a,b) Following coregisteration of the ADC maps on Day 5 to the baseline, perihaematomal oedema was
manually contoured on baseline ADC maps. (c,d) The scatter plots quantitatively show the distribution of ADC value changes for
the entire contoured perihaematomal oedema. (a,c) A patient with good outcome who had fDM parameters of VR528.7,
VB523.9 and VT552.6. (b,d) A patient with poor outcome who had fDM parameters of VR51.4, VB53.0 and VT54.4. VB,
percentage of blue voxels; VR, percentage of red voxels; VT, VR+VB.
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stroke by allowing for early definition of deeply
ischaemic or infarcted brain tissue. It has also been
reported to predict outcome in ischaemic stroke [17].
This technique has additionally been used to study
perihaematomal injury in patients with ICH, but the
results have been inconsistent [9–12, 18, 19]. In general,
the mean ADC values in the perihaematomal regions
relative to contralateral, homologous brain regions may
increase quickly during the acute stage, with peak
increases noted 2–3 days after ICH [12]. However,
decreased relative mean ADC values can be observed
in some patients during the hyperacute stage (within 6 h)
after haemorrhage, and have been reported to be
associated with poor clinical outcome [10]. Significant
correlation between ICH volume and degree of ADC

elevation in perihaematomal oedema and ADC values in
contralateral, corresponding healthy brain tissue has also
been noted [9]. A number of factors have been reported
to affect ADC values. Although ADC values are
increased in vasogenic oedema, extracellular methaemo-
globin and gliosis, they are reduced in cytotoxic oedema,
ischaemia, high cellularity and high viscosity [20, 21].
Therefore, the diffusion signal of oedema at different
areas with variable ADC changes (Figure 3) would be
obscured using the overall mean ADC, thus reducing
the sensitivity and specificity of ADC in predicting
outcome [22, 23].

Functional diffusion maps quantify regional variations
in structural diffusivity by classifying voxels into three
colour regions based on the magnitude and trend of

Figure 2. Box plots summarising functional diffusion map (fDM) change volumes as percentages of perihaematomal volume for
each patient group. The percentage of total voxels undergoing change of diffusion values (VT) within perihaematomal oedema
is significantly different between the good- and poor-outcome groups. Error bars reflect 95% confidence intervals.

Figure 3. Biological processes proposed to induce changes in oedema apparent diffusion coefficient (ADC) values during acute
stage of intracerebral haemorrhage. The pathophysiological process within perihaematomal oedema is complicated and relates
to both systemic and local responses. This will induce various changes in the ADC values. Even a single biological response, such
as thrombin formation, will lead to different kinds of ADC changes. Therefore, the diffusion signal of oedema at different areas
with increasing or decreasing changes would be obscured in the overall mean ADC but easily discriminated by a functional
diffusion map. B.B.B., blood–brain barrier; ICP, intracranial pressure; RBC, red blood cell.
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ADC change. They allow spatial voxel-by-voxel tracking
of changes in water diffusion values over time. The fDM
has been reported to provide an imaging biomarker for
the early prediction of treatment response and overall
survival for patients with bone metastases from prostate
cancer [23], diverse primary brain tumours [13] and
high-grade gliomas [24]. In these studies, early changes
in ADC values indicated cell death within tumours and
were associated with good tumour response to therapy.
The results of our study indicated that a large percentage
change in ADC value during the acute stage of
perihaematomal oedema formation may lead to better
functional outcome. Changes in the ADC value indicate
changes in tissue microstructure and may represent an
intrinsic response, such as inflammation, hypometabo-
lism, or autoimmune response, aimed at reducing
cellular damage and neurotoxicity. In addition, changes
in the ADC value may reflect a tissue response to
medical treatment such as osmotic agents, steroids,
hypovolaemia, controlled hyperventilation and arterial
blood pressure control. Brain tissues without significant
changes in the ADC value may suffer from irreversible
cellular damage such as cytotoxic oedema, necrosis and
even apoptosis. Further studies closely investigating
different physiological and therapeutic factors are
necessary to better understand how these intrinsic and
extrinsic factors affect ADC values and how they are
related to the patient’s functional outcome. Based on the
results of this study and previous studies using fDM, we
hypothesise that changes in ADC value may reflect
cellular response or plasticity toward changes in the
biological environment. Therefore, fDM may also be
used to study both the natural course and the therapeutic
response of disease entities such as inflammation,
demyelination and traumatic brain injury.

We evaluated a number of variables previously
reported to be associated with perihaematomal oedema
formation and clinical outcome. From our stepwise
multivariate analysis, we found that thalamic location
of haematoma, serum glucose level, NIHSS scores and
VT were independently associated with functional out-
come. There are various factors and scales used to
predict prognosis after ICH [20, 25]. The prognosis after
ICH or other acute neurological disorders is a funda-
mental issue; therefore, it is important to weigh
treatment risks against benefits and provide patients
and their families with information regarding the
severity of the illness. Besides determining the prognosis,
predictive methods also provide a framework for clinical
decision making and also provide reliable criteria for
assessing the efficacy of new treatments. A predictor
such as fDM could be used as part of a risk stratification
for ICH studies, but not as a precise predictor of
outcome.

This study had several limitations. First, we excluded
patients who underwent surgical evacuation during the
first 5 days after ICH, and patients with intraventricular
haemorrhage. The range of haematoma volumes in this
study was between 1.5 and 65.9 ml (mean 19.6 ml;
standard deviation 13.8 ml), which was relatively small,
and may be the reason why haematoma size did not
correlate with functional outcome in our study. Also, our
results may not be applicable to studies involving larger
haematoma volumes. Second, the number of patients in

our study was small and further subgroup analysis could
not be achieved. In addition, we tested the reliability of
different pulse sequences to measure the haematoma
volume and the results showed that T2* weighted images
have the highest intraobserver reliability and most
significant correlation with CT for measuring ICH
volume (Appendix A). However, using T2* weighted
imaging to measure haematoma volume may over-
estimate the haematoma volume, owing to blooming
artefacts. Third, because perihaematomal oedema devel-
ops immediately and peaks between 10 and 20 days after
ICH in humans [2–4], a repeat MRI scan during the early
acute phase (Day 1 or 2) may help to highlight early
diffusion change and improve outcome prediction at an
earlier stage. Also, an additional MRI scan at 10–20 days
after ICH may provide more information regarding the
diffusional and pathological changes within the oedema
zone.

Conclusion

The pathophysiological process that occurs within
perihaematomal oedema is complicated and relates to
both systemic and local responses. fDMs allow for spatial
voxel-by-voxel tracking of changes in ADC values over
time that more precisely reflect the pathophysiological
heterogeneity within oedemas. Based on this study, the
use of fDMs to evaluate perihaematomal oedema
appears promising. It may be feasible to use fDMs as
part of a risk stratification to predict the functional
outcome of patients with ICH during the acute stage.
Further research should be performed in order to
understand how the intrinsic and extrinsic factors after
ICH affect the ADC and how they are related to
functional outcome.
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Appendix A

CT is used as a standard to measure the size of an
intracerebral haematoma. The signal intensity of haemato-
mas on different pulse sequences of MRI depends
significantly on the age and internal content of the
haematoma. The extension of the haematoma and the
interface of the haematoma and oedema are not always
easily identified on every pulse sequence or even using CT.

In order to test the intraobserver reliability and which
MRI pulse sequence is most suitable to measure haema-
toma size, we measured haematoma volumes using T1

weighted imaging, T2 weighted imaging, T2* weighted
imaging, fluid-attenuated inversion recovery (FLAIR)
imaging and CT for the first 6 subjects before analysing
data from all the subjects (the CT and MRI scans were not
performed at the same time—the CT scan was carried out
once the patient had arrived at the emergency department
and the MRI scan was performed once the patient was
enrolled in the study, all within 24 h after the CT scan).
The results are shown in Tables A1, A2 and A3. The first
interpretation is shown in Figure A1, and the second
interpretation in Figure A2. Both interpretations were
undertaken by the same neuroradiologist.

Table A2. Results of one-way intraclass correlation coefficient (ICC) with absolute agreement

Results T1 weighted imaging T2 weighted imaging T2* weighted imaging FLAIR CT

ICC 0.991 0.975 0.990 0.854 0.985

FLAIR, fluid-attenuated inversion recovery.

Table A3. Correlations of the results of MRI with CT

Correlation with CT (p-value)

Interpretation T1 weighted imaging T2 weighted imaging T2* weighted imaging FLAIR

First interpretation 0.021 0.002 0.002 0.011
Second interpretation 0.027 0.007 0.001 0.031

FLAIR, fluid-attenuated inversion recovery.
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If we use the volume measured by CT as the standard,
the haematoma volume measured by T2* weighted
imaging was overestimated, but the results measured by
T2 weighted imaging and FLAIR were underestimated. As
mentioned above, the MRI scans were performed within
24 h after the CT scans. The haematomas might have
enlarged during this time period but would not have
shrunk or become resolved. In addition, the T2* weighted
image has the highest intraobserver reliability (intraclass

correlation coefficient 0.990) and most significant correla-
tion with CT (p50.002 and 0.001 for the first and second
interpretations, respectively) for measuring intracerebral
haemorrhage volume. Based on the above findings, we
used T2* weighted imaging to measure the haematoma.
However, using T2* weighted imaging to measure
haematoma volume is a limitation of this study, because
there was a chance of it overestimating the haematoma
volume, owing to blooming artefacts.

Table A1. Measured haematoma volume

Volume (ml)

Interpretation T1 weighted imaging T2 weighted imaging T2* weighted imaging FLAIR CT

First interpretation 10.8¡5.4 12.8¡6.5 14.2¡6.4 13.4¡7.0 13.1¡5.4
Second interpretation 10.9¡5.7 12.0¡5.8 14.4¡6.1 12.2¡4.9 13.4¡5.8

FLAIR, fluid-attenuated inversion recovery.
Data are given as mean ¡ standard deviation.

Figure A1. First interpretation. FLAIR, fluid-attenuated inversion recovery; GRE, T2
* weighted gradient echo; T1, T1 weighted

imaging; T2, T2 weighted imaging.

Figure A2. Second interpretation (given by the same neuroradiologist as the first interpretation). FLAIR, fluid-attenuated
inversion recovery; GRE, T2

* weighted gradient echo; T1, T1 weighted imaging; T2, T2 weighted imaging.
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