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  Reports have shown that the presence of LA is related to the 
poor outcome after acute ischemic stroke (AIS)2,28). Several 

INTRODUCTION 

Leukoaraiosis (LA) is a term to describe the abnormal appear-
ance of subcortical brain white matter in the elderly and which is 
most easily found on T2-weighted magnetic resonance imaging 
(MRI) images (Fig. 1)10,20). LA primarily involves small vessel dis-
ease-related brain lesions of variable severity that progress gradu-
ally over time with the accumulation of vascular risk factors and 
ultimately may result in extensive subcortical arteriosclerotic en-
cephalopathy with concomitant cognitive decline3,16,29). 
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Objective : Leukoaraiosis (LA) has been suggested to be related to the poor outcome or the occurrence of symptomatic intracerebral hemorrhage 
(sICH) after acute ischemic stroke. We retrospectively investigated the influences of LA on long-term outcome and the occurrence of sICH after 
thrombolysis in acute ischemic stroke (AIS). 
Methods : In this study, we recruited 164 patients with AIS and magnetic resonance image (MRI)-detected thrombolysis. The presence and extent 
of LA were assessed using the Fazekas grading system. The National Institutes of Health Stroke Scale score was used to assess the baseline mea-
sure of neurologic severity, and the modified Rankin Scale score assessment was used up to 1 year after thrombolysis. 
Results : Of 164 subjects, 56 (34.2%) showed LA on MRI. Compared to the 108 patients without LA, the patients with LA were of much older age 
(p<0.01), had a higher prevalence of hypertension (p<0.01), and had a much poorer outcome at 90 days (p=0.05) and 1 yr (p=0.01) after throm-
bolysis. There were no significant differences in sICH between patients with and without LA on MRI. In univariate analysis for the occurrence of poor 
outcome at 90 days after thrombolysis, the size of ischemic lesion on diffusion weighted images (DWI), [odds ratio (OR), 1.03; 95% confidence in-
terval (95% CI), 1.01-1.04; p<0.01], recanalization (OR, 0.03; 95% CI, 0.01-0.10; p<0.01), sICH (OR, 12.2; 95% CI, 1.54-95.8), neurologic sever-
ity (OR, 1.17; 95% CI, 1.09-1.25; p<0.01), blood glucose level (OR, 1.01; 95% CI, 1.00-1.02; p=0.03), and the presence of LA on MRI (OR, 2.01; 
95% CI, 1.04-3.01; p=0.04) were statistically significant. In multivariate analysis, neurologic severity (OR, 1.14; 95% CI, 1.04-1.24; p<0.01), re-
canalization (OR, 0.03; 95% CI, 0.01-0.11; p<0.01), lesion size on DWI (OR, 1.02; 95% CI, 1.01-1.03; p=0.02), serum glucose level (OR, 1.01; 
95% CI; 1.01-1.02; p=0.03), and the presence of LA on MRI (OR, 3.2; 95% CI, 1.22-8.48; p<0.01) showed statistically significant differences. 
These trends persisted up to 1 yr after thrombolysis. 
Conclusion : In this study, we demonstrated that the presence of LA on MRI might be related to poor outcome after use of intravenous tissue plas-
minogen activator in AIS.
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Fig. 1. Leukoaraiosis is a term to describe the abnormal appearance of 
subcortical or periventricular brain white matter in elderly patient. Brain 
T2-weighted magnetic resonance images showing high signal intensity 
multiple patch lesions in deep white matter (A) and periventricular white 
matter (B). 
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We determined the neurologic severity as an National Insti-
tutes of Health Stroke Scale (NIHSS) score at baseline, 24 h, and 
5 days after using IV t-PA. Modified Rankin Score (mRS) was 
calculated at baseline, discharge, 90 days, and 1 yr after t-PA 
use. Major neurologic improvement was defined as an NIHSS 
score equal to 0 or 1 or an improvement >7 points compared to 
baseline at 24 h and 5 days after thrombolysis. We defined the 
poor outcome as an mRS of >2 at 90 days after t-PA use. We 
compared the prevalence of major neurologic improvement at 
24 h and 5 days after thrombolysis and the rate of the poor out-
come at 90 days and 1 yr after it. 

After thrombolysis, brain CT was performed to check for in-
tracranial hemorrhage. DWI and MRA were evaluated to de-
termine the final infarct size and whether the obstructed vessel 
was reopened within 24 h. We determined recanalization if MRA 
showed complete visualization of branch arteries distal to the 
occluded vessels with residual stenosis of <50%. Symptomatic 
intracerebral hemorrhage (sICH) was defined as any signs of 
hemorrhage on follow-up CT or MRI associated with clinical 
deterioration of 4 points on the NIHSS11). Our institutional ethics 
review board approved this study.

MRI protocol
All subjects underwent MRI (1.5T, Signa Echospeed Supercon-

ducting Imaging System; General Electric Medical Systems, Mil-
waukee, WI, USA). Images included T1, axial fluid-attenuated 
inversion recovery, 3-dimensional time-of-flight MR angiogra-
phy, axial DWI, and axial PWI. DWI was performed by use of 
echo planar imaging techniques. DWI lesion volumes were de-
termined by manually tracing the edge of the hyperintense signal 
on each slice of the trace DWI scans. T2-weighted MRI images 
were scored according to a semiquantitative rating scale devised 
by Fazekas et al.7). Areas of signal hyperintensity were classified as 
either deep white matter (subcortical) or periventricular and 
were scored on a 4-point scale, with scores defined as follows : 
for deep white-matter areas of hyperintensity, absent (grade 0), 
punctate (grade 1), nearlycoalescent (grade 2), or confluent 
(grade 3); and for periventricular areas of hyperintensity, absent 
(grade 0), pencil-thin lines (grade 1), caps or bands (grade 2), or 
confluent (grade 3). Three trained neurologists and 2 neurora-
diologists, each of whom was blinded to patient data and stroke 
subtype, graded the LA by consensus. If 1 or both sides of the 
brain were focally abnormal, estimates were based on the unin-
volved side with assumed symmetry.

Statistical analysis
Patient and clinical characteristics were summarized as a whole 

and described specifically for subgroups by descriptive statis-
tics. A Fisher’s exact 2test was used to compare categorical vari-
ables, while t-tests were used to compare continuous variables 
between groups.

The odds ratio (OR) for comparison of the 2 groups was sum-
marized with its 95% confidence interval (95% CI) and p value 

mechanisms in LA have participated in the worsening of its 
clinical course. Among them, the occurrence of bleeding com-
plications plays a critical role in its poor outcome after acute 
ischemic stroke9,23). Recently, there have been several reports on 
the relationship between the occurrence of symptomatic intra-
cerebral hemorrhage (sICH) and thrombolysis in LA. However, 
until now, it is undetermined whether LA is a potential risk for 
sICH after thrombolysis.

Meanwhile, the poor outcome after acute ischemic stroke in 
LA might be originated from its delayed recovery and higher 
prevalence of comorbidity as well as the occurrence of sICH af-
ter thrombolysis. Therefore, the poor outcome of LA might be 
related to its higher prevalence of comorbidity and higher sus-
ceptibility to complications after stroke rather than the thrombol-
ysis itself. However, few studies have serially evaluated the long-
term outcome (>1 yr) after thrombolysis in the presence of LA 
on MRI. Also, almost all of the earlier studies used brain CT or 
MRI images without diffusion weighted images (DWI). There-
fore, they might have had limitations of lesser sensitivity to detect 
the presence of LA and to estimate the actual ischemic lesion size 
as an important confounding factor for the occurrence of sICH 
after thrombolysis. In this study, we evaluated the differences in 
long-term outcomes and occurrence of sICH after thrombolysis 
in AIS with and without LA based on MRI findings. 

MATERIALS AND METHODS

We retrospectively reviewed the data of patients with acute 
ischemic stroke who were admitted to our hospital between 
January 2006 and August 2009 and selected the patients with 
thrombolysis. Only patients on whom an MRI was performed 
before or shortly after the initiation of treatment were included 
in this study. 

Intravenous (IV) tissue plasminogen activator (t-PA) was giv-
en according to the National Institute of Neurological Disorders 
and Stroke (NINDS) criteria25). Patients with a sign of intracere-
bral hemorrhage on T2* images on MRI and those with large 
DWI lesions (>100 cm3) were excluded from the thromobolysis 
group. After the DWI and T2* images were collected on MRI, 
patients received intravenous t-PA at a dose of 0.9 mg/kg; 10% 
was given as a bolus, while the rest was infused over 1 h. Other 
images, including magnetic resonance angiogram (MRA) and 
perfusion weighted images (PWI), were collected after the infu-
sion of IV t-PA. After use of IV t-PA, if a neuroradiologist was 
available, we transferred the patients to the intervention room. 
When 4-vessel angiography showed a persistent occlusion 
(grade 0) or trickle flow (grade 1) according to Thrombolysis in 
Cerebral Infarction grading, we attempted to recanalize the oc-
cluded vessels by using an intra-arterial approach. We per-
formed intra-arterial thrombolysis based on the Prolyse in 
Acute Cerebral Tromboembolism II trial findings in cases ar-
riving at the emergency room between 3 and 6 h after ischemic 
events4).
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After 90 days of thrombolysis, 84 (53.0%) patients had poor 
functional outcome estimated by mRS (Table 2). In univariate 
analysis, sex (OR, 0.4; 95% CI 0.21-0.79; p<0.01), neurologic se-
verity (NIHSS; OR, 1.17; 95% CI, 1.09-1.25; p<0.01), size of isch-
emic lesions on DWI (OR, 1.03; 95% CI, 1.01-1.04; p<0.01), re-
canalization (OR, 0.03; 95% CI, 0.01-0.10; p<0.01), serum 
glucose level (OR, 1.01; 95% CI, 1.00-1.02; p=0.03), symptomatic 
ICH (OR 12.2; 95% CI, 1.54-95.8; p=0.02), and the presence of 
LA on MRI (OR, 2.01; 95% CI, 1.04-3.91, p=0.04) were signifi-
cantly related to the poor outcome. In multivariate analysis, neu-
rologic severity (OR, 1.14; 95% CI, 1.04-1.24; p<0.01), size of 
ischemic lesion on DWI (OR, 1.02; 95% CI, 1.01-1.03; p=0.02), 
recanalization (OR, 0.03; 95% CI, 0.01-0.11; p<0.01), serum glu-
cose level (OR, 1.01; 95% CI, 1.01-1.02; p=0.03), and the presence 
of LA on MRI (OR, 3.22; 95% CI, 1.22-8.48; p=0.02) had inde-
pendent significance for poor outcome after 90 days of throm-
bolysis (Table 3). After 1 yr of thrombolysis, the influence of LA 
on its functional outcome persisted and had more significance at 
1 yr after thrombolysis (Table 4, 5).

using logistic regression. The multivariate model was created 
using a backward elimination method, and the probability was 
set at 0.05 for removal. ORs were also adjusted for factors af-
fecting the response variable.

To determine the independent factors related to the occur-
rence of poor outcome after the use of t-PA, we performed multi-
ple logistic regression analysis by using a backward elimination 
method and set the probability at 0.10 for removal.
p values less than 0.05 were considered statistically signifi-

cant. This study is explorative in nature; therefore, no adjust-
ment for α was applied. All statistical analyses were carried out 
using SAS version 9.1 statistical software.

RESULTS

From January 2006 to August 2009, 172 patients with AIS 
and thrombolysis were admitted to our stroke center. MRI im-
ages were collected around 24 h of thrombolysis in 164 of these 
patients. In >90% of them, MRI was performed before the 
thrombolysis occurred; in the remaining 
patients, MRI was evaluated during or 
shortly after treatment (after CT had 
been performed to rule out hemor-
rhage). Among them, 111 patients were 
given IV t-PA only, 41 were given intra-
arterial thrombolysis, and 12 were given 
t-PA plus IA thrombolysis. 

Of 164 subjects, 56 (34.1%) showed 
LA on MRI. Patients with LA were sig-
nificantly older and had a higher prev-
alence of previous hypertension than 
patients without LA. Regarding the out-
come after thrombolysis between pa-
tients with and without LA, the rate of 
major neurologic improvement at 24 h 
of thrombolysis was significantly high-
er in the non-LA group than in the LA 
group. However, its difference disap-
peared between the two groups at 5 days 
after thrombolysis. The in-hospital mor-
tality at 7 days was 6.7% (n=11) : 2 
(3.6%) patients with LA versus 9 (9%) 
patients without LA (p=0.43). The prev-
alence of poor functional outcome at 90 
days of thrombolysis was significantly 
higher in the LA group than in the non-
LA group, and this pattern was more 
prominent after 1 yr of thrombolysis. In 
total, 13 (7.9%) patients had sICH. There 
was no difference in occurrence between 
the 2 groups. Table 1 summarizes the 
difference in clinical and radiologic find-
ings between the two groups. 

Table 1. Comparisons of clinical and radiologic findings in patients with and without leukoaraiosis (LA) 
after thrombolysis

Variable
LA

p value
Positive (n=56) Negative (n=108)

Male (%) 31 (55)   75 (70)   0.09
Age (yr) 69.3±8.0   60.7±10.8 <0.01
Hypertension (%) 44 (79)   60 (56) <0.01
Diabetes mellitus (%) 16 (29)   18 (17)   0.10
Previous history of stroke (%)   6 (11) 10 (9)   0.79
Size of ischemic lesion on DWI (cm3)   33.6±44.3   34.7±52.2   0.89
IA thrombolysis only or add (%) 18 (32) 39 (36)   1.00
TOAST
    Atherosclerotic ischemic stroke 23 (41)   56 (52)   0.48
    Cardioembolism 26 (46)   42 (39)
    Small vessel occlusion 3 (5)   6 (6)
    Unknown or others 4 (7)   4 (4)
NIHSS 13.2±5.6 12.5±5.1   0.40
modified Rankin scale   3.9±0.8   3.9±0.8   0.55
Significant improvement at 24 h (%)   9 (16)   35 (32)   0.03
Significant improvement at 5 days (%) 16 (29)   37 (34)   0.49
Poor outcome (%)
    At diagnosis 40 (71)   64 (59)   0.17
    At 30 days 37 (66)   58 (54)   0.14
    At 90 days 36 (64)   51 (47)   0.05
    At 1 yr 37 (66)   41 (38) <0.01
Significant ICH   6 (11)   7 (7)   0.37
D to N time (min)   46.7±23.8   40.8±23.8   0.16
Recanalization 39 (70)   72 (67)   0.73
Systolic blood pressure at baseline (mmHg) 144±29 137±29   0.14
Diastolic blood pressure at baseline (mmHg)   91±16   86±16   0.06
Serum glucose level at baseline (mg%) 149.8±48.4 144.4±49.8   0.51

DWI : diffusion weighted images, TOAST : Trial of ORG 10172 in Acute Stroke Treatment, NIHSS : National Insti-
tutes of Health Stroke Scale, ICH : intracerebral hemorrhage, D to N time : door to needle time
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lated to hypertension13), increased stroke risk27), and increased 
mortality after stroke26). In line with this notion, our results also 
demonstrated that patients with LA were much older and had a 

much higher prevalence of hyperten-
sion than those without it. 

In this study, we showed that the pres-
ence of LA was an independent predic-
tive factor of poor functional outcome 
after thrombolysis but not for the occur-
rence of sICH. It has been reported that 
LA greatly influences on outcome, length 
of hospital stay, or mortality after AIS13). 
Among them, LA is known to be a po-
tential risk of bleeding complications af-
ter AIS9,23). Therefore, the possibility of 
increased sICH after thrombolysis in LA 
on brain images has been suggested. A 
retrospective study showed that it is a 
potential risk for sICH after thromboly-
sis17). The risk of sICH after thromboly-
sis may be explained by preexisting 
chronic damage of the endothelium and 
weakening of the blood-brain barrier5). 
Also, old age24) is thought to be a factor 
associated with LA and may be a poten-
tial risk for ICH. The present study also 
showed that patients with LA were sig-
nificantly much older than those with-
out it. However, the relationship be-
tween its presence and the risk of sICH 
after thrombolysis is still under debate. 
Post hoc analyses of the NINDS6) dem-
onstrated that there was no significant 
relationship of the occurrence of sICH 
between t-PA treatment and LA. In this 
study, there was also no significant dif-
ference in sICH occurrence between pa-
tients with and without LA. The con-
flicting results regarding sICH after 
thrombolysis might be related to the use 
of different imaging methods to evaluate 
the presence of LA. Almost all studies 
using brain CT1,6) had relatively lower 
sensitivity than MRI for detecting the 
presence of LA. As a result, its incidence 
was only 24% in a CT-based thromboly-
sis trial. In contrast, 34.1% of subjects 
had sICH on follow-up images. There-
fore, we suggest that the difference in a 
method to detect it might have been a 
contributing factor to the different re-
sults. Although brain CT remains the 
standard modality for detection of 

DISCUSSION

LA is frequently found in elderly individuals and has been re-

Table 2. Univariate analysis of the occurrence of poor outcome 90 days after thrombolysis

Variable
Univariate analysis

OR 95% CI p value
Age (yr) 1.02 (0.99-1.05)   0.19
Male (male vs. female) 0.40 (0.21-0.79) <0.01
Hypertension 0.88 (0.47-1.67)   0.70
Diabetes mellitus 0.86 (0.40-1.82)   0.69
Previous history of stroke  1.54 (0.53-4.45)   0.43
D to N time (min) 1.00 (0.99-1.02)   0.58
NIHSS 1.17 (1.09-1.25) <0.01
Size of ischemic lesion on DWI 1.03 (1.01-1.04) <0.01
Recanalization 0.03 (0.01-0.10) <0.01
Serum glucose level at baseline 1.01 (1.00-1.02)   0.03
Systolic blood pressure 0.99 (0.98-1.00)   0.20
Diastolic blood pressure 0.98 (0.97-1.00)   0.12
Presence of leukoaraiosis on MRI 2.01 (1.04-3.91)   0.04
Symptomatic ICH 12.2 (1.54-95.8)   0.02

D to N time : door to needle time, NIHSS : National Institutes of Health Stroke Scale, ICH : intracerebral hemor-
rhage, OR : odds ratio, 95% CI : 95% confidence interval, DWI : diffusion weighted images

Table 3. Multivariate analysis of the occurrence of poor outcome 90 days after thrombolysis

Parameters Point estimate p value
95% Wald

Confidence limits
Recanalization 0.03 <0.01 0.01-0.11
NIHSS 1.14 <0.01 1.04-1.24
Size of ischemic lesion on DWI 1.02   0.02 1.01-1.03
Serum glucose level 1.01   0.03 1.01-1.02
Presence of leukoaraiosis on MRI 3.22   0.02 1.22-8.48
Age (yr) 1.02   0.41 0.97-1.07

NIHSS : National Institutes of Health Stroke Scale, DWI : diffusion weighted images, MRI : magnetic resonance 
imaging

Table 4. Univariate analysis for the occurrence of poor outcome 1 yr after thrombolysis

Variable
Univariate analysis

OR 95% CI p value
Age (yr) 1.04 (1.01-1.07)   0.02
Male (male vs. female) 0.45 (0.23-0.86)   0.02
Hypertension 1.18 (0.62-2.23)   0.62
Diabetes mellitus 0.98 (0.46-2.08)   0.95
Previous history of stroke 2.66 (0.88-8.03)   0.08
D to N time (min) 1.00 (0.99-1.02)   0.80
NIHSS 1.20 (1.11-1.29) <0.01
Size of ischemic lesion on DWI 1.02 (1.01-1.03) <0.01
Recanalization 0.09 (0.04-0.21) <0.01
Serum glucose level at baseline 1.01 (1.00-1.02)   0.02
Systolic blood pressure 0.99 (0.98-1.00)   0.21
Diastolic blood pressure 0.98 (0.96-1.00)   0.11
Presence of leukoaraiosis on MRI 3.18 (1.62-6.26) <0.01

D to N time : door to needle time, NIHSS : National Institutes of Health Stroke Scale, MRI : magnetic resonance 
imaging, OR : odds ratio, 95% CI : 95% confidence interval, DWI : diffusion weighted images
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90 days, a trend that was more prominent at 1 yr after throm-
bolysis in this study. In multivariate analysis, LA itself was a 
strong independent factor for poor functional outcome after 
thrombolysis. The above findings suggest that the poor out-
come after thrombolysis in LA might have been related to the 
higher prevalence of comorbidity and delayed recovery. 

Several mechanisms related to poor clinical outcome after 
acute stroke with LA have been suggested. Resting blood flow is 
reduced by up to 30% in brains with LA19). Additionally, LA is 
associated with platelet hyperactivation and hypercoagulabili-
ty12), which might complicate tissue perfusion after thromboly-
sis. Furthermore, the presence of a dysfunctional neuronal net-
work in LA might be partially responsible for the poor outcome 
after AIS18). The intact connection system of the brain is a criti-
cal factor for recovery from ischemic damage after AIS. Many 
studies have shown the presence of reduced neuronal networks 
in LA patients18,30), which is most likely due to demyelination, 
loss of axons and oligodendrocytes, and astrocytic gliosis. Due 
to the above-mentioned mechanisms, LA could be related to 
delayed recovery as well as impaired plasticity after thromboly-
sis in AIS.

The main limitation of this study is a retrospective one, which 
made it impossible to exclude the possibility of bias. Also, our 
sample size was small that the validity of our conclusions could 
not be confirmed. 

CONCLUSION 

Taken together, we demonstrated that the presence of LA on 
MRI might be a potential risk for a poor functional outcome af-
ter thrombolysis. Our data also confirmed that there is no need 
to exclude patients with LA for thrombolysis due to fear of a 
higher occurrence of sICH. 
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