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Abstract

Background Cerebral microbleeds may be responsible for bleeding and poor functional outcome following throm-
bolysis of acute ischemic stroke. We tried to assess the association between cerebral microbleeds, hemorrhagic
complication and functional outcome following intravenous thrombolysis in Egyptian acute ischemic stroke patients.
We evaluated 66 acute ischemic stroke patients treated with intravenous thrombolysis for cerebral microbleeds using
T2* weighted Magnetic Resonance Imaging Gradient echo. Distribution, number, and predictors of microbleeds
were assessed. The effect of microbleeds presence and burden on development of hemorrhage after thrombolysis
and 90 days functional outcome was evaluated.

Results Out of 66 stroke patients treated with intravenous thrombolysis, 33 patients had microbleeds. Multivariate
analysis shows that hypertension, diabetes mellitus, atrial fibrillation, smoking and leukoaraiosis were independently
associated with microbleeds. Post-thrombolysis symptomatic intracerebral hemorrhage occurred in 12/66 (18.1%).
Multivariate analysis shows that high burden microbleeds (> 10), leukoaraiosis, stroke severity, delayed thrombolysis
were independently associated with intracerebral hemorrhage. Post-thrombolysis hemorrhage was statistically higher
in microbleeds group (51.5%) than non-microbleeds group (9.1%) (p <0.001). Parenchymal hemorrhage represents
(58.8%) of hemorrhagic cases in microbleeds group in comparison to (33.3%) of non-microbleeds group (p=0.62).
Parenchymal hemorrhage represents (50%) of hemorrhagic cases with microbleeds < 10, while it represents (100%)
of hemorrhagic cases with microbleeds > 10. Favorable modified Rankin Scale (0-2) was more prevalent in non-
microbleeds group (72.7%) than microbleeds group (45.5%) at 90 days (p=0.024). Favorable outcome at discharge
and at 90 days was statistically more prevalent in patients with microbleeds < 10 (p=0.004).

Conclusion High burden cerebral microbleeds should be considered a risk for parenchymal hemorrhage follow-
ing intravenous thrombolysis. The presence and burden of microbleeds may affect prognosis 90 days after thrombo-
lytic therapy.

Keywords Intravenous thrombolysis, Stroke, Cerebral microbleeds, Intracerebral hemorrhage, Post-thrombolysis
hemorrhage

Background
Intracerebral hemorrhage (ICH) is considered the most
feared and unpredictable complication of intravenous
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(CMBs) visualized on T2*gradient echo or susceptibility
weighted magnetic resonance imaging (MRI) represent
markers of fragile microangiopathic cerebral vasculature
(mainly hypertensive arteriopathy and cerebral amyloid
angiopathy) which lead to intracerebral hemorrhage
(ICH) [4, 5] especially if present in large numbers [6-8].
CMBs are present in nearly 15%-38% of AIS patients on
pretreatment imaging [8, 9]. It has been noticed in dif-
ferent studies the association between CMBs and poor
functional outcome following IVT [3, 7, 8, 10]. Despite
a well-documented prognostic importance of CMBs
in thrombolyzed AIS patients, still there is uncertainty
regarding selection of candidate for IVT from patients
with baseline CMBs [11]. That was reflected in the rec-
ommendation of American heart association/American
stroke association guidelines which stated that IVT in
the presence of CMBs may be associated with risk of ICH
and there’s uncertainty of treatment benefit in patients
with high burden CMBs [9]. In this study, we aimed to
investigate an Egyptian sample of AIS patients to see if
the presence and burden of CMBs is related to the occur-
rence and severity of post-IVT hemorrhagic complica-
tion. Also, to explore if the presence and burden of CMBs
may affect the functional outcome 90 days after IVT.

Methods

Based on review of past literature of Seet et al. [12], who
found that approximately 2% to 10% of the patients with
ischemic stroke receiving IVT will develop symptomatic
ICH depending on the definition and cohort character-
istics. The sample size was calculated using statistics and
sample size pro program version 6. The least sample size
is 31 subjects. The power of study was 80% and confi-
dence level was 95%.

We included AIS patients from single stroke center in
Egypt who were eligible for IVT using recombinant tis-
sue plasminogen activator (alteplase, standard dose 0.9
mg/kg). Patients were chosen either within 4.5 h after
symptom onset or by the presence of diffusion—-FLAIR
mismatch on MRI in patients without identified time of
symptom onset [9, 13]. Patients without identified time
of symptom onset, who received IVT depending on dif-
fusion—-FLAIR mismatch, were classified according to
onset to needle time into either before 6 or after 6 h of
last time seen normal. Patients were included in the
period between February 2022 and March 2023. Patients
with unstable vitals or contraindications to MRI or low
image quality due to motion artifacts were excluded.
No patients received mechanical thrombectomy. No
antithrombotic agents were given within 24 h after IVT.
Written consents were obtained from patients. Ethical
approval from our institution was taken (Registration No.
3/2022NEUR16).
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Clinical data were obtained including age, sex, stroke
risk factors including hypertension, DM, smoking and
atrial fibrillation (AF). Time interval from stroke onset
to IVT was recorded. Patients were evaluated for stroke
severity before IVT infusion, by physicians qualified
to assess the National Institutes of Health Stroke Scale
(NIHSS). Clinical outcome and mortality were evaluated
90 days after IVT using the modified Rankin Scale (mRS).
Favorable clinical outcome was defined as (mRS 0-2).

A non-contrast enhanced CT brain (NCCT) was per-
formed for all patients initially before IVT to exclude
contraindication of thrombolytic therapy and repeated
24 h post-thrombolysis and upon any worsening of the
neurological status during hospital admission to assess
for hemorrhagic complications. Symptomatic ICH
(sICH) was defined as an ICH associated with increase
in NIHSS of >4 points or death (European Cooperative
Acute Stroke Study-III criteria) [3, 14]. Hemorrhagic
complications were classified according to European
Cooperative Acute Stroke Study criteria into four catego-
ries: hemorrhagic infarction (HI-1), (HI-2), parenchymal
hematoma (PH-1), and (PH-2) [14].

Due to logistic difficulty, all the included patients
underwent brain MRI with T2*-weighted images to
detect CMBs one day after IVT without baseline T2*-
weighted images prior to IVT. All exams were performed
on a 1.5T MRI scanner (Exclart Vantage, Toshiba (now
Cannon), Japan). The routine MRI protocol in our insti-
tution included axial T1, T2, DWI and FLAIR, sagittal
T1 and coronal T2WI. Additional T2*-weighted imaging
was added (repetition time 520 ms; echo time 20 ms; field
of view 24X 24 cm, slice thickness 5 mm).

All scans were examined for the location of the
ischemic insult as well as the CMBs. CMBs were detected
on T2*-weighted Gradient echo (GRE) MRI and were
defined as small (up to 10 mm in diameter), oval or
rounded hypointense lesions associated with blooming
effect [15]. CMBs mimics were excluded such as signal
loss caused by globus pallidus calcifications, normal ves-
sels seen in cross-section, or a thrombus in a cerebral
artery, iron deposits from other causes and hemorrhagic
metastases (e.g., melanoma) [3, 16]. CMBs were rated
by radiologist (S.A). In cases of doubtful CMBs, a sec-
ond rater (K.A) was consulted. All raters have experience
in detecting CMBs. The first rater (S.A) was blinded to
clinical information. We scanned for the presence, num-
ber, and anatomical location of CMBs on MRI. CMBs
were classified as intralesional (in the infarcted area) or
extralesional (outside infarct tissue). The CMBs location
(lobar, deep, or mixed) was identified [15]. Strictly lobar
location of CMBs was assumed to be related to cerebral
amyloid angiopathy (CAA) [8, 17], while strictly deep or
mixed CMBs were assumed to be related to hypertensive
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arteriopathy [8, 16]. In case of presence of CMBs, cases
were classified as low burden (<10 CMBs) or high bur-
den (>10 CMBs). Also, presence of leukoaraiosis was
assessed in MRI.

Data were calculated using SPSS, version 21 (Armonk,
New York, USA) and formulated as the mean+SD.
Group differences were analyzed by Student’s ¢-test, and
Chi square (x?)-test for normally distributed, and non-
continuous variables, respectively. p values less than or
equal to 0.05 were considered statistically significant.

Results
The studied population was (66 AIS patients) who
received IVT. After analysis of MRI-images, they were
divided into 2 groups (33 patients with CMBs) and (33
patients without CMBs). Mean age of (CMBs group)
was (65+10.23), 23 (69.7%) were male. Comparison
of stroke risk factors (hypertension, DM, smoking and
AF) between both groups shows statistically significant
increase in hypertension (p=0.005) and AF (p=0.002)
in (CMBs group) than (non-CMBs group). Also, Initial
stroke severity (measured by admission NIHSS) was sta-
tistically higher in (CMBs group) in comparison to (non-
CMBs group) (p=0.002). Stroke in the carotid territory
and leukoaraiosis were higher in (CMBs group) and that
was of statistical significance (p=0.012), (p=0.0001),
respectively (Table 1).

From different risk factors associated with CMBs,
multivariate logistic regression analysis shows that
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hypertension, DM, AF, smoking and leukoaraiosis were
independent factors associated with CMBs (Table 2).

As regards anatomical location of CMBs, 4/33 (12.1%)
were lobar (cortical and cortico-subcortical), 10/33
(30.3%) were deep (Basal ganglia) and mixed in 19/33
(57.6%). CMBs were strictly extralesional (not in the

Table 2 Multivariate logistic regression analysis of risk factors of

CMBs
Odds ratio 95% Cl p value

Age 0.843 0.695-1.023 0.084
Gender

Male 1.398 0.125-15.676 0.786
Risk factors

Smoking 13.494 0.207-28.617 0.022

Hypertension 22.816 1.999-51.596 0.030

Diabetes mellitus 1.266 0.029-3.424 0.029

Atrial fibrillation 97.816 40.168-153.475 0.005
Admission NIHSS 1.204 0.931-1.556 0.157
IVT after 6 h 0.191 0.010-3.774 0.277
Vascular territory

Carotid 2.805 0.863-11.531 0.074

Vertebrobasilar 0.360 0.101-1.465 0.079
Leukoaraiosis 49.199 24.003-62.776 0.005

Cl: confidence interval; CMBs: cerebral microbleeds; NIHSS: National Institutes of
Health Stroke Scale; IVT: intra-venous thrombolysis; DM: diabetes mellitus; AF:
atrial fibrillation

P-value: significant (< 0.05)

Table 1 Comparison of characteristics between patients with and without CMBs

Variable Patients with CMBs Patient without CMBs p value
(n=33) (n=33)
n % n %
Age Mean+SD 65.67+10.23 65.12+£6.20 0.794
Range 47-85 55-75
Gender Male 23 69.7% 26 78.8% 0.398
Female 10 30.3% 7 21.2%
Risk factors Hypertension 31 93.9% 22 66.7% 0.005
Diabetes mellitus 22 66.7% 23 69.7% 0.792
Atrial fibrillation 8 24.2% 1 3% 0.012
Smoking 6 18.2% 2 6.1% 0.131
Admission NIHSS Mean+SD 1542+5.14 11424481 0.002
Range 4-28 3-21
Timing of IVT Before 6 h 9 27.3% 3 9.1% 0.056
After 6 h 24 72.7% 30 90.9%
Vascular territory Carotid 32 97% 25 75.8% 0.012
Vertebrobasilar 1 3% 8 42.2%
Leukoaraiosis 29 87.9% 9 27.3% <0.0001

SD: standard deviation; CMBs: cerebral microbleeds; IVT: intravenous thrombolysis; NIHSS: National Institutes of Health Stroke Scale

p-value: significant (< 0.05)
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infarct zone) in 19/33 (57.6%) and were combined intral-
esional and extralesional in 14/33 (42.4%). The total
number of CMBs was (<10 CMBs) in 29/33 (87.9%)
patients and (>10 CMBs) in 4/33 (12.1%) patients. Post-
thrombolysis ICH occurred in 20/66 (30.3%) patients,
12/66 (18.1%) were symptomatic ICH. Mean age was
(69.65+£10.17), 10/20 (50%) were male. Upon study-
ing risk factors associated with post-thrombolysis ICH,
multivariate logistic regression analysis shows that high
burden CMBs (>10), leukoaraiosis, admission NIHSS,
delayed IVT (after 6 h) and stroke risk factors (Hyperten-
sion, DM, Smoking and AF) were independent factors
associated with ICH (Table 3).

Post-IVT ICH was statistically higher in (CMBs
group) 17/33 (51.5%) than (non-CMB group) 3/33
(9.1%) (p<0.001). From post-IVT ICH cases in (CMB
group), 14/17 (82%) had CMBs < 10 while 3/17 (17%) had
CMBs>10. ICH was symptomatic in 10/17 (58.8%) of
(CMBs group) and in 2/3 (66.7%) of (non-CMB group)
(p=0.7) (Table 4).

According to ECASS grading of post-IV thromboly-
sis ICH, parenchymal hemorrhage (PH) occurs in 10/17
(58.8%) of (CMB-group) in comparison to 1/3 (33.3%)
of (non-CMB group) (p=0.62) (Table 4). PHland PH2
represents 7/14 (50%) of ICH patients with (CMBs < 10),
while it represents 3/3 (100%) of ICH patients with
(CMB>10) (Table 5).

Regarding functional outcome and prognosis, it was
found that favorable mRS (0-2) was more prevalent in

Table 3 Multivariate logistic regression analysis of risk factors of

ICH
Odds ratio 95% ClI p value

Age 1.056 0.946-1.179 0.334
Gender

Male 0.170 0.019-1.490 0.110
Risk factors

Smoking 1.971 0.490-4.699 0.037

Hypertension 1.040 0.270-3.167 0.026

Diabetes mellitus 6.123 0.940-19.289 0.013

Atrial fibrillation 39.19 2464-92.793 0.001
Admission NIHSS 1429 0.989-1.948 0.016
IVT after 6 h 2273 0.184-28.035 0.025
Vascular territory

Carotid 1.156 0.037-3.043 0.320

Vertebrobasilar 0.865 0.028-6.986 0.113
High burden CMBs (= 10) 3.033 0.622-14.785 0.017
Leukoaraiosis 42.631 1.658-96.229 0.024
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Table 4 Post-IV thrombolysis hemorrhagic complication in 66

AlS patients
Patients with Patient p value
CMBs without
(n=33) CMBs
(n=33)
n % n %
ICH (n=20) 17 515% 3 9.1% <0.0001
Symptomatic ICH (No=12) 10 588% 2 66.7%  0.798
ECASS classification
HI 7 212 2 66.6% 0447
PH 10 588% 1 33.3%

ICH: intracerebral hemorrhage; AlS: acute ischemic stroke; HI: hemorrhagic
infarction; PH: parenchymal hemorrhage’; ECASS: European Cooperative Acute
Stroke Study; CMBs: cerebral microbleeds

p-value: significant (< 0.05)

(non-CMBs group) than (CMBs group) at hospital dis-
charge 8/33 (24.2%) and at 90 days 24/33 (72.7%), but
it was only statistically significant regarding 90 days
(p=0.024). Also, mortality within 90 days was more
prevalent in (CMBs group) 9/33 (27.3%) than (non-CMB
group) 5/33 (15%), but it was not statistically significant
(p=0.22) Table 6.

Favorable outcome mRS (0-2) at discharge and at 90
days was statistically higher in patients with (CMBs<10)
(p=0.004) (Table 7).

Discussion

Many studies reported increased risk of post-throm-
bolysis ICH in the vicinity of CMBs especially in high
burden CMBs [6, 18—20]. Moreover, others introduce
CMBs as prognostic factor for poor functional outcome
post-thrombolysis [21, 22]. In this Egyptian experience,
we tried to answer 4 questions regarding the association
between CMBs and post-thrombolysis ICH and future
outcome in AIS patients. First: are CMBs considered
risk for IVT-related ICH? Second: does high burden
CMBs (>10) increase risk of IVT-related ICH? Third:
does presence and burden of CMBs affect severity of

Table 5 Relation between grading of ICH and number of CMBs

<10 CMBS >10 CMBS p-value
(n=14) (n=3)
n % n %
ECASS
HI 7 50.0 0 0 0.334
PH 7 50.0 3 100

Cl: confidence interval; CMBs: cerebral microbleeds; NIHSS: National Institutes of
Health Stroke Scale; IVT: intra-venous thrombolysis

p-value: significant (< 0.05)

HI: hemorrhagic infarction; PH: parenchymal hemorrhage; ECASS: European
Cooperative Acute Stroke Study; CMBs: cerebral microbleeds

p-value: significant (< 0.05)
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Table 6 Functional outcome of 66 AlS patients
Patients with CMBS Patient without CMBS p-value
(n=33) (n=33)
n % n %
mRS at discharge
Mean+SD 412+1.39 333+131 0.021
Range 1-6 1-6
mRS at 90 days
Mean+SD 327+2.04 203+1.98 0.014
Range 0-6 0-6
Favorable mRS at discharge (0-2) 6 18.2% 8 24.2% 0.547
Favorable mRS at 90 days (0-2) 15 45.5% 24 72.7% 0.024
Mortality within 3 months 9 27.3% 5 15.2% 0.228

CMBs: cerebral microbleeds; mRS: modified Rankin scale
p-value: significant (< 0.05)

Table 7 Functional outcome in relation to CMBs burden

<10CMBS >10 P-value*
(n=29) CMBS
(n=4)
n % n %
Favorable mRS at discharge (n=6) 6 206 O 00 0.004
Favorable mRS at 90 days (n=15) 14 482 1 250 0.014
Mortality within 3 months (n=8) 6 206 1 250 0.027

CMBs: cerebral microbleeds; mRS: modified Rankin scale

P-value: significant (0.05)

IVT-related ICH? Fourth: does the presence and burden
of CMBs affect prognosis and functional outcome after
IVT? New CMBs after IVT represent a small percentage
(around 4%) [15, 23, 24]. Because of difficulty perform-
ing pretreatment MRI in our center, only post-IVT MRI
was done and this is one of our limitations. We suppose
that most of CMBs detected in our cohort were old ones
that were present before IVT. Supporting that idea is
the study of Braemswig et al. who found that new CMBs
were mainly lobar in location [15] (a pattern associated
with CAA) and strictly lobar CMBs in our study repre-
sent 12%, while majority of CMBs were deep (30.3%) or
mixed (57.6%) (a pattern attributed to hypertensive arte-
riopathy). So, we can suppose that new CMBs in our
study represent around 10% of the whole cohort. New
CMBs are thought to be the result of underlying CAA, a
hypothesis supported by histopathological studies [25].
That was supported by the finding that patients with
old strictly lobar CMBs were more likely to develop new
CMBs, while patients with deep or mixed CMBs were
not [15]. In our study the significant association between
hypertension and CMBs suggests that most CMBs are
related to hypertensive arteriopathy and not CAA. So,

the majority of CMBs are supposed to be old ones. But
to verify that CAA is the cause of new CMBs, we had to
search for another imaging marker of CAA like cortical
superficial siderosis in post-IVT MRI. Braemswig et al.
found that high burden CMBs on pretreatment MRI were
associated with new CMBs after IVT [15]. Another sup-
porting evidence that around 10% of our CMBs group is
due to new ones is that only 12% of our cohort has high
burden CMBs which is interestingly the same percent-
age as the strictly lobar CMBs 12%. About 20% of AIS
patients develop new CMBs in the first few days indicat-
ing an active, widespread microangiopathy, which could
cause ICH with the administration of IVT [26].

In our study, post-IVT related ICH was statistically
higher in CMBs group than non-CMBs group. That was
like the results of different metanalyses [7, 8, 10, 27-29]
and another recent study in which the authors stated
that despite the association between CMBs and hemor-
rhagic complications, that association was equally pre-
sent in patients receiving IVT and patients receiving
placebo [11]. CMBs may increase the risk of IVT-related
ICH either as a direct source of bleeding or, more likely,
as a general marker of bleeding-prone vasculopathy [28].
It seems that vasculopathy (including CAA and hyper-
tensive arteriopathy), causing the blood vessel walls to
become diseased and fragile, may interact with factors
that aggravate bleeding risk after IVT, such as upregula-
tion of matrix metalloproteinases, breakdown of blood—
brain barrier, hypertension, and hyperglycemia [30, 31]
lowering the threshold for IVT-related ICH [32]. To the
opposite of that is the result of systematic review and
meta-analysis of 800 AIS patients showing that CMBs on
a pretreatment MRI scan is not associated with a statis-
tically significant risk of symptomatic ICH after throm-
bolysis [19]. Despite that, there was a tendency towards
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higher ICH risk in patients with CMBs [19]. Another
study concluded that the presence of cerebral micro-
bleeds does not increase the risk of brain hemorrhage
following IVT between 3 and 6 h after stroke onset [33].
Leukoaraiosis, in our study was an independent predic-
tor for CMBs and also IVT-related ICH in multivariate
analysis, a finding similar to a previous study reporting
that the rate of IVT-related ICH is increased in the pres-
ence of moderate-to-severe leukoaraiosis, indicating that
cerebral small vessel is a risk factor for ICH [34]. How-
ever, leukoaraiosis devoid of pathological specificity, in
contrast to CMBs, which appear to specifically represent
small areas of bleeding from vessels affected by bleed-
ing-prone vasculopathy (hypertensive arteriopathy or
CAA) [35]. Regarding functional outcome, we found that
favorable mRS was more common in (non-CMBs group)
at 90 days. Andreas Charidimou et al. stated in their
comprehensive metanalysis that CMBs are associated
with symptomatic ICH risk and poor functional outcome
after IVT [10]. Similar to our results is the result of Choi
et al. who stated that CMBs, and especially high burden
(>5) and lobar distribution, are independent predictors
of unfavorable outcomes at 90 days and may increase
the hemorrhagic risk in AIS patients with recanalization
[22]. They suggested that CMBs cause more unfavorable
outcome in patients with recanalization of large vessel
occlusion than in patients without recanalization. They
demonstrated that CMBs have a statistically significant
major impact on outcomes in patients treated with MT
than those treated with IVT alone and this may be due
to the high recanalization rate with MT than IVT alone
[22].

Tipirneni et al. in their meta-analysis underscores a
significant relation between CMBs and poor outcomes
encompassing sICH, hemorrhagic transformation, poor
functional outcome at 90 days, and increased mortality in
AIS patients undergoing reperfusion therapy (including
intravenous thrombolysis, mechanical thrombectomy,
and bridging therapy [36]. One of our limitations is the
exclusion of patients receiving MT. Also, our results are
consistent with previous studies suggesting a significant
association between high burden CMBs (> 3) and 90 days
functional outcomes [8, 21]. To the opposite of that is the
result of Schlemm et al. who demonstrated similar ben-
eficial outcome at 90 days in patients with and without
CMBs who received IVT and hence they recommended
that presence of CMBs on MRI should not prevent doc-
tors from treating stroke patients with IVT [11]. Others
have reported that even a high burden of CMBs add no
significant impact on 90 days functional outcomes [3,
37, 38]. We can think of poor prognosis related to CMBs
as a consequence of not only IVT-related ICH, but also
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because of the global brain dysfunction secondary to
the fragile vascular wall, endothelial activation, damage
and blood brain barrier breakdown due to the underly-
ing bleeding-prone small vessel angiopathy [5, 7, 22].
According to that concept, preexisting CMBs are more
accused than new ones by worsening the functional out-
come of AIS patients treated with thrombolytic therapy.
Regarding the burden of CMBs, we suggest a potential
increased risk of hemorrhagic complications with high
burden CMBs (>10) and increase in poor functional out-
come at 90 days. Our results are consistent with previ-
ous studies suggesting an association between burden of
CMBs and hemorrhagic complications and functional
outcome [3, 5, 7, 8, 11, 22, 27, 29]. Particularly, high bur-
den CMBs were associated with a threefold and sevenfold
rise in risk of symptomatic ICH in comparison with AIS
with low burden CMBs (1-10 CMBs) in the individual
patient data and the pairwise meta-analyses, respectively
[7]. To the opposite of that is the result of Kim et al. who
stated that multiple microbleeds are not an independent
risk factor for IVT-related ICH [18]. The increased rate
of ICH in those with a higher burden of CMBs might
reflect the more extensive vasculopathy (1). Parenchy-
mal hemorrhage was more prevalent in (CMB-group).
Moreover, PH represents all cases of high burden CMBs
(CMB2>10), a result which can suggest that CMBs may
not only increase the risk of post-IVT ICH, but also may
potentiate the severity of ICH. A meta-analysis done to
study the impact of CMBs on ICH and poor functional
outcome of AIS patients treated with IVT concluded that
CMBs presence increased the risks of 3-month paren-
chymal hemorrhage, poor functional outcome after IVT
[39]. The limitation of this study may be related to small
sample size (33 AIS patients treated with IVT showing
CMBs). Furthermore, results may be subjected to selec-
tion bias since not all AIS treated with IVT in our center
undergo T2*-GRE MRI. Also, we did not relate ICH to
the anatomical location of CMBs. Another limitation is
that we did not study the effect of prior use of antithrom-
botic or recurrence of stroke on the risk of development
of CMBs and IV T-related ICH. Ghaly et al. 2022 in their
study of CMBs in 65 AIS patients, considered antiplate-
lets medications significant risk factor for the devel-
opment of CMBs [40]. Also, Elkhatib et al. considered
anticoagulant treatment as independent risk factors asso-
ciated with CMB in AF ischemic stroke patients [41]. To
our knowledge, this is the first Egyptian study evaluating
the association between CMBs and hemorrhagic compli-
cations following IVT and the later functional outcome.
We can conclude from these results that CMBs, espe-
cially high burden ones (>10) should be considered a risk
for parenchymal ICH following IVT. The presence and
burden of CMBs may affect prognosis 90 days after IVT.
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Conclusion

We can conclude from these results that CMBs, espe-
cially high burden ones (>10) should be considered a
risk for parenchymal ICH following IVT. The presence
and burden of CMBs may affect prognosis 90 days after
IVT. We recommend that Patients with a higher risk
for symptomatic ICH (high burden CMBs, severe leu-
koaraiosis, higher blood pressure) might benefit from
close follow-up, more restricted blood pressure con-
trol and not the absolute withholding of IVT. The chal-
lenge remains in recognizing CMBs burden in Egyptian
stroke centers where NCCT is the only available imag-
ing technique for management of AIS.

Abbreviations

ICH Intracerebral hemorrhage

VT Intravenous thrombolysis

AlS Acute ischemic stroke

DM Diabetes mellitus

CMBs  Cerebral microbleeds

MRI Magnetic resonance imaging

ICH Intracerebral hemorrhage

AF Atrial fibrillation

NIHSS ~ National Institutes of Health Stroke Scale

mRS modified Rankin Scale

NCCT  Non-contrast enhanced CT
CAA Cerebral amyloid angiopathy
HI Hemorrhagic infarction

GRE Gradient echo

PH Parenchymal hemorrhage
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