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Background : Host inflammation has been studied in patients with ischemic stroke (IS) due to large vessel occlu-
sions. Inflammatory markers were shown to correlate with large artery atherosclerosis and worse outcomes after
ischemic stroke due to large vessel occlusions. However, the association between inflammation and cerebral small
vessel disease (SVD) is controversial. Mostly studied are the white matter hyperintensities; however, results regarding
association of white matter hyperintensities with inflammatory markers are conflicting. We aimed to investigate the
association between cerebral microbleed (CMB) load, as an indicator of SVD, and inflammation indices in patients

Results: We identified 127 patients with IS admitted within 7 days of symptom onset. CMBs were detected in 37% (n:
47) of patients. Patient’s age and Fazekas score were independently associated with CMB load. Inflammatory biomark-
ers were not associated with the presence or quantitative burden of CMBs.

Conclusions: White matter damage and patient’s age predicted CMB presence and number, respectively, in IS
patients. However, inflammatory markers failed to show any association with such SVD signs. Prospective studies with
a higher number of stroke patients are needed in order to justify our findings.
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Introduction

Brain parenchymal changes on conventional magnetic
resonance imaging (MRI), such as white matter hyperin-
tensities (WMHs), recent small subcortical infarcts, lacu-
nes, prominent perivascular spaces, cerebral microbleeds
(CMBs) and atrophy, reveal cerebral small vessel disease
(SVD) [1]. CMBs are small (<10 mm) rounded areas of
signal loss on paramagnetic-sensitive MR sequences,
such as T2*-weighted gradient-recalled echo (GRE) or
susceptibility-weighted imaging (SW1I) sequences. These
areas of signal void with associated blooming are most
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commonly located in the cortico-subcortical junction,
and deep grey or white matter in the cerebral hemi-
spheres, brainstem, and cerebellum [2].

The main histopathological changes underlying CMBs
are hypertensive vasculopathy and cerebral amyloid
angiopathy (CAA), which are the most prevalent forms
of SVDs [3-6]. CAA is a cerebral SVD characterised
by accumulation of amyloid-beta protein within the
leptomeningeal and cortical blood vessels [1]. While
hypertensive vasculopathy affects deep cerebral and
infratentorial brain regions, CAA leads to strictly lobar
CMBs. CMB burden is accepted as a sign of underly-
ing SVD, and is associated with both haemorrhagic
and ischemic stroke [7, 8]. The presence and burden of
CMBs were found to be predictors of increased risk of
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haemorrhagic transformation and poor functional out-
come in patients with ischemic stroke [9-14].

Inflammation was found to play a role in atherosclero-
sis. Higher levels of inflammatory markers were associ-
ated with poor outcomes in patients with stroke due to
large vessel occlusions. Neutrophil-lymphocyte ratio
(NLR), platelet-lymphocyte ratio (PLR), mean platelet
volume (MPV), MPV-platelet ratio and C-reactive pro-
tein (CRP) can be easily obtained and have been exten-
sively investigated as simple biomarkers of systemic
inflammation [15-20]. The association between these
markers and SVD is controversial. However, still there
are studies supporting a positive association. In first
ever acute lacunar stroke patients, both serum matrix
metalloproteinase and CRP were significantly elevated
in patients with CMBs compared to patients without
CMB [21]. In a cross sectional study among community-
based stroke free participants, higher levels of circulating
tumor necrosis factor receptor 2 and myeloperoxidase
were detected in the presence of CMB [22]. Whether
hypertensive or CAA, the underlying pathology of CMB
seems to result from reciprocal interactions between
endothelial dysfunction and inflammatory cascade acti-
vation [23]. Therefore, an association between CMB and
markers of inflammation can be expected.

Here, we aimed to investigate whether there is an asso-
ciation between CMB load, as a sign of SVD, with inflam-
matory markers in ischemic stroke (IS) patients.

Methods

All consecutive patients with acute ischemic stroke who
were admitted to the emergency and neurology depart-
ments of our university hospital between January 2016
and July 2020 were retrospectively reviewed from patient
files and the centre’s database. Patient demographics,
previous anticoagulant and antiaggregant regimens, his-
tory of diabetes mellitus, hypertension, atrial fibrillation,
hyperlipidaemia, symptom duration at admission were
recorded. Patients admitted within 7 days of symptom
onset, with blood samples taken and MRIs performed
on admission before any medical or mechanical inter-
vention for stroke treatment were reviewed. We only
included patients whose records contained adequate
demographic, radiological, and laboratory data. Brain
MRIs of the patients were evaluated for the presence
and extend of CMBs, which are small (<10 mm) foci of
chronic blood products in brain tissue. Patients with con-
traindications to MRI, such as intracardiac defibrillator,
cardiac pacemaker or metallic heart valve, patients with
brain MRIs lacking SWI sequence, transient ischemic
attacks with no diffusion restriction on MRI, severe renal
or hepatic insufficiency, recent or ongoing immunosup-
pressive therapy, or admission after 7 days of symptom
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onset were excluded. No patient had a recent history of
an acute infection or an inflammatory disease or received
a diagnosis of a secondary inflammatory disease, such as
vasculitis at the end of the stroke evaluation.

We reviewed the MRI findings from the picture archiv-
ing and communication system (PACS) of the radiology
department. The radiologist, who was blinded to clini-
cal information, retrospectively evaluated images of T2
series, fluid attenuated recovery (FLAIR), DWI, apparent
diffusion coefficient map and SWI sequences obtained
in the 1.5 T MR-system (Magnetom Aera 1.5 T, Siemens
Healthcare). CMB was defined as ovoid or rounded signal
void spots less than 1 cm on T2* GRE or SWI sequences.
Signal voids caused by sulcal vascular structures, old
haemorrhagic CVE sequelae, basal ganglion or pineal
gland calcifications were excluded. CMB locations were
classified into deep, lobar, infratentorial categories and
mixed categories. Lobar location corresponded to corti-
cal and subcortical regions (including subcortical U fib-
ers). Deep location included the basal ganglia, thalamus,
internal capsule, external capsule, corpus callosum, and
deep and periventricular white matter. The infratentorial
location included the brainstem and cerebellum (Fig. 1).

Evaluation of WMH was made on FLAIR images
included in the MRI protocol. Fazekas scale was used to
determine the gliosis severity by grading WMHs on MRI

Fig. 1 MRIimage obtained from one of our patients. A large number
of susceptibility artifacts consistent with cerebral microbleeds are
observed in the form of black dots on axial maximum intensity
projection SWI images. This patient was included in the group of
those with more than 20 microbleeds and scattered localization
patterns
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[24]. The severity of the WMH was graded with the fol-
lowing scale: 0=absent; 1=punctuate foci; 2=begin-
ning of confluence of foci; and 3 =large confluent areas.

Hypertension was considered present if the patient
exhibited a systolic blood pressure>140 mmHg or a
diastolic blood pressure >90 mmHg prestroke, or had a
history of diagnosis of hypertension and anti-hyperten-
sive medications. Diabetes mellitus (DM) was considered
present when a person used oral antidiabetic drugs or
insulin, or when the fasting blood glucose was> 126 mg/
dl. Hyperlipidaemia was considered present when the
person used lipid-lowering drugs or had a total choles-
terol level >220 mg/dl or LDL cholesterol>130 mg/
dl. Atrial fibrillation (AF) was considered present if the
patient had a diagnosis of AF, or their admission electro-
cardiogram revealed AF or the Holter rhythm recording
revealed AF or paroxysmal AF.

Baseline complete blood count, serum CRP, renal and
liver function tests were recorded. NLR and PLR were
defined as whole neutrophils and total number of plate-
lets divided by whole lymphocyte count. The MPV/PLT
ratio was calculated by dividing the mean platelet volume
by the platelet count. Fasting blood glucose and total cho-
lesterol levels were recorded from the tests performed
after 12 h of fasting. Admission electrocardiography and
24-48 h Holter rhythm reports were recorded.

Statistical analyses were conducted in IBM SPSS Statis-
tics 20 programme by removing the extreme values in the
data set. First, we categorized CMB burden as CBM (—)
and CMB (+4). We also grouped CMB (+) patients as low
(CMB«<5) and high (CMB > 5) burden in line with stud-
ies in the literature [25-27]. Afterward, we categorized
CMB as follows: CMB=0, low burden-CMB=1-4 and
high burden -CMB > 5. Then, all the steps in the analysis
were repeated among the three CMB groups.

Clinical characteristics of the participants (sex, stroke
age, hypertension, diabetes mellitus, hyperlipidemia,
clinical stroke history, laboratory findings, and MRI
results) according to CMB levels (CBM (—) and CMB
(+)) were provided. While the categorical variables were
reported as frequency and percentage, the continuous
variables were reported as mean=standard deviation.
Furthermore, these clinical characteristics were com-
pared among the CMB levels using the independent
sample ¢-test for continuous variables and the x? test for
categorical variables. When the parametric test assump-
tions were not satisfied for the continuous variables, the
Mann—-Whitney U test was used instead of the inde-
pendent sample ¢-test. p-values<0.05 were considered
as statistically significant. Logistic regression analyses
were performed to determine the factors associated with
CMB. The models were not affected by the multicol-
linearity problem. The results of the logistic regression
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analysis were reported in terms of Odds Ratio (OR) and
95% Confidence Intervals (CI) for the parameters of the
model.

After performing these analyses for the two CMB
groups (CMB (—) and CMB (+4)), we repeated these
steps for the three CMB levels (no CMB-CMB =0, low
burden-CMB=1-4 and high burden -CMB>5). In the
multinomial regression model created according to the
number of CMBs, Fazekas grade was not included in the
model due to the lack of observations.

Results

The characteristics of the study patients are shown in
Table 1. Our study enrolled 127 patients with IS. The
mean age was 66.5 (range 18—99) years and 42% (n=>53)
were female. Ninety-four percent (n=119) of patients
admitted within the first 72 h after stroke onset and 82%
(n=104) admitted within the first 24 h after stroke onset.
Cerebral microbleeds were detected in 37% (n=47) of
the patients. Of those with microbleeds (n=47), 17 (36%)
had CMBs in a strictly lobar location. Strictly deep or
infratentorial locations were seen in a lower proportion
(17.0% and 6.4%, respectively). In 19 patients (40.4%),
CMBs had mixed location.

Patient age and leukoaraiosis severity were the only
predictors of having CMB in the univariate analysis
(p<0.05).

The proportion of patients with Fazekas scores reflect-
ing moderate to severe WMH (Fazekas grades 2—-3) was
higher in patients with CMB compared to patients with-
out (p<0.001) (Fig. 2).

There was no statistically significant difference between
the two groups in terms of CRP, NLR, PLR, MPV and
MPV/platelet ratio (p>0.05, for each). Of note, none of
the inflammatory markers showed an association with
WMH severity indicated as Fazekas grades.

In the logistic regression analysis, only the Fazekas
grade was significantly associated with CMB presence.
There was a graded association between having CMB and
the Fazekas score. While the odds of having micro bleed-
ing was 3.86 times greater for Fazekas grade 1 as opposed
to Fazekas grade 0, the odds of having micro-bleeding
was 6.41 and 14.71 times greater for Fazekas grades 2 and
3, respectively, as opposed to Fazekas grade 0 (p values
0.105, 0.024 and 0.003, 95% confidence intervals 0.694—
21.518, 1.153-35.717, and 2.490-86.930 respectively).
Stroke age lost its statistical significance for CMB pres-
ence after logistic regression analysis (p > 0.05).

In terms of the quantitative burden of CMBs, we clas-
sified all patients into three groups according to CMB
number as CMB=0 (#=80), low burden-CMB=1-4
(n=27) and high burden-CMB>5 (N=20) (Table 2).
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Table 1 Demographic,.clinical and radiological features of the study patients when grouped according to CMB presence
All (n=127) CMB (—) (n=80) CMB (+) (n=47) p

Gender (Male) 74 (58.3) 49 (61.3) 31(38.8) 0374
Age 66.57 £14.39 63.64+£15.62 6845+12.89 0.019
Hypertension, n(%) 82 (64.6) 48 (60) 34(72.3) 0.16
Diabetes mellitus, n(%) 43 (33.9) 28 (35) 15(31.9) 0.723
Hyperlipidemia, n(%) 45 (354) 28 (35) 17 (36.2) 0.894
Atrial fibrillation, n(%) 50 (40) 29(37.2) 21 (44.7) 0.407
Coronary artery disease, n(%) 25 (20) 14 (17.5) 11 (244) 0.351
Previous TIA/ ischemic stroke, n(%) 26 (20.5) 19 (23.8) 7(14.9) 0.232
Current antiaggregant/anticoagulant use, n(%) 52 (40.9) 31(38.8) 21 (44.7) 0.512
Acute infarct location, n(%)

Anterior circulation 77 (60.6) 48 (60) 29 (61.7) 0.569

Posterior circulation 44 (34.6) 27 (33.8) 17 (36.2)

Mixed location 6(4.7) 5(6.2) 12.1)
WMH, n(%) <0.001

Fazekas Grade 0 22(17.3) 20 (25) 2(43)

Fazekas Grade 1 32(25.2) 23(23.8) 9(19.1)

Fazekas Grade 2 38(29.9) 23 (23.8) 15(31.9)

Fazekas Grade 3 35 (27.6) 14 (17.5) 21 (44.7)
Neutrophil to lymphocyte ratio 33242234 303+1.72 3634273 0.702
Mean platelet volume (fL) 872+17 8.73+1.68 9.07+2.11 0467
Platelet/lymphocyte ratio 134.74+£654 127944585 146.83+ 7534 0.133
MPV/platelet ratio 0.03854£0.015 0.044+0.015 0.0358+0.013 0.183
C- reactive protein (mg/dl) 0.34794+0.324 0.34244+0.275 0.35854+0.41 0.347

CMB cerebral microbleed, MPV mean paltelet volume, TIA transient ischemic attack, WMH white matter hyperintensity

0:CMB=0,1:CMB>0
Wo
w1

60.0%

40.0%

Percent

20.0%

0%~
0 1 2 3

fazekas score
Fig. 2 Percentage of the patients by Fazekas score and two CMB
levels. Among patients with CMB; 4.255% of patients have Fazekas
grade 0, 19.15% of have Fazekas grade1, 31.91% of have Fazekas
grade 2, and 44.68% of have Fazekas grade 3

The 5 CMBs threshold was chosen based on the method-
ology of two recent trials [26, 27].

Patients with a high burden of CMB were significantly
older than patients both with CMB =1-4 and without
CMBs (74.08 £4.941 vs 63.88 £ 15.521 vs 63.64 + 15.62,
respectively, p <0.05). The proportion of patients with
Fazekas grades reflecting moderate-to-severe WMH
increased stepwise as the number of CMBs increased
(» <0.001).

Forty percent of patients had a previous history of AF
or newly diagnosed AF. Patients with a high CMB bur-
den had significantly higher prevalence of AF compared
to patients with a low burden or no CMBs (65% vs 37%
vs 29%, respectively, p =0.035).

There was no statistically significant difference
between the three groups in terms of CRP, NLR, PLR,
MPV and MPV/platelet ratio (p >0.05 for each).

In the logistic regression analysis for burden of
CMBs (Table 3), we included AF, stroke age and previ-
ous stroke/TIA variables. Here, Fazekas score was not
included into the model since observations were not
enough and none of the patients with CMB>5 had
Fazekas grade 0 or 1. According to our findings, it is
more likely that stroke age of the patients without CMB
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Table 2 Demographic, clinical and radiological features of the study patients when grouped according to CMB burden

All (N=127) CMB=0 (N=80) CMB=1-4 (N=27) CMB>5 (N=20) p

Gender (Male) 74 (58.3) 49 (61.3) 14 (51.9) 11 (55) 0.658
Age 66.57+£14.39 63.64+1562 63.88+£15.52 7408 +4.94 <0.001
Hypertension 82 (64.6) 48 (60) 18 (66.7) 16 (80) 0.239
Diabetes mellitus 43 (33.9) 28 (35) 9(33.3) 6 (30) 0913
Hyperlipidemia 45 (354) 28(62.2 10(22.2) 7(15.6) 0.0981
Atrial fibrillation, n(%) 50 (40) 29(37.2 8(29.6) 13 (65) 0.035
Coronary artery disease, n(%) 25 (20) 14 (17.5 7 (28) 4 (20) 0.519
Previous TIA/IS 26 (20.5) 19(23.8 137) 6 (30) 0.043
Current antiaggregant/anticoagulant use 15(11.8) 7(8.8) 3(11.1) 5(25) 0.131
WMH, n(%) <0.001

Fazekas Grade 0 22(17.3) 20 (25) 2(74) 0

Fazekas Grade 1 32(25.2) 23 (23.8) 9(33.3) 0

Fazekas Grade 2 38(29.9) 23(23.8) 9(33.3) 6 (30)

Fazekas Grade 3 35(27.6) 14 (17.5) 7(25.9) 14 (70)
Neutrophil to lymphocyte ratio 3324223 303+1.72 294148 4534361 0.739
Mean platelet volume (fL) 87217 873+1.68 8.68+1.45 9.56+2.69 0421
Platelet/lymphocyte ratio 134.74+654 1272062 £48.431 140.1436£77.853 1385925457127 0.307
MPV/platelet ratio 0.038540.015 0.0401+0.01624 0.0362 +0.00932 0.042040.00872 0406
C-reactive protein (mg/dl) 0.34794£0.324 0.342440.275 0.46334+0.492 0.147540.058 0.147

CMB cerebral microbleed, IS ischemic stroke, MPV mean platelet volume, TIA transient ischemic attack, WMH white matter hyperintensity

Table 3 Logistic regression analysis for burden of CMBs
according to stroke age, atrial fibrillation and previous TIA/IS

OR (95% Cls) p-value

CMB=0

Stroke age 0.936 (0.887-0.988) 0.017

Atrial fibrillation 1.669 (0.512-5.446) 0.396

Previous TIA/IS 1.107 (0.328-3.742) 0.870
CMB=1-4

Stroke age 0.946 (0.892-1.003) 0.064

Atrial fibrillation 2.021(0.510-8.004) 0317

Previous TIA/IS 8.816 (0.900-86.330) 0.062

Nagelkerke R square =0.180
CMB > 5 is the reference group
CMB cerebral microbleed, IS ischemic stroke, TIA transient ischemic attack

(CMB=0) is significantly younger than the patients
with CMB > 5.

In Fig. 3, the confidence interval error bar chart for
stroke age is provided. The results in Fig. 3 are compat-
ible with the post-hoc tests.

Discussion

In our study, cerebral microbleeds were found to be pre-
sent in 37% of patients with ischemic stroke and this is
compatible with the literature. In a review on the prev-
alence and associations of CMBs, the CMB rate was

5.7% (range 4.5 to 7.7%) in cohorts without cerebrovas-
cular disease and 40% (range 0 to 78%) in patients with
ischemic cerebrovascular disease [7].

Patient age was the only clinical predictor of CMB bur-
den in our cohort. The Rotterdam Scan Study investi-
gated the prevalence of and risk factors for microbleeds
in the general population aged 60 years and older. The
prevalence of microbleeds increased significantly with
age and did not differ between men and women [28].
Age was independently associated with the prevalence
of CMBs in patients with and without ischemic stroke
[7]. As mentioned before, hypertensive vasculopathy and
CAA are the main underlying pathologies of the CMBs.
Increased incidence of both factors with aging clearly
explains the independent effect of age on CMBs [3-6].

Despite the impact of aging, we included stroke
patients aged 18 years and older. CMBs and WMHs
are generally seen in elderly and knowledge about
their incidence in young population is lacking. How-
ever, CMBs were detected in young ischemic stroke
patients. In cross sectional analysis of young ischemic
stroke patients aged below 50 years (ranged from 19 to
49 years of old), CMBs were detected in 11% of cases
without drug or cocaine induced vasospasm, infectious
meningoencephalitis, vasculitis, sickle cell anemia,
mitochondrial disorder, congenital or acquired coagu-
lopathy. CMBs were strongly associated with systemic
hypertension [29]. In our study only 4 patients were
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Fig. 3 95% Confidence interval error bars for stroke age, based on three CMB levels. In horizontal axis 0, 1 and 2 stand for CMB=0, 1 <CMB <4 and

CMB > 5, respectively
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aged under 40 years of age. These patients lacked any
detectable underlying disease. CMB was detected only
in one, which was a single infratentorial CMB. All
of these 4 patients were scored as Fazekas grade 0 in
terms of WMH.

In our study population, hypertension did not show a
statistically significant association with CMB existence
and burden. In a review, hypertension was not consist-
ently found to be associated with CMB and the authors
attributed this in part to probable positive confounding
by age [7]. In a systematic review in patients with cer-
ebrovascular disease, hypertension was associated with
CMBs (although the association was a little weaker
than in the healthy cohorts) [30]. In the Rotterdam
Scan Study, high systolic blood pressure was associated
with the presence of microbleeds in a deep or infraten-
torial brain location [28], but not with lobar CMBs. It
is known that hypertension is mostly associated with
CMBs located in the basal ganglia, pons and cerebel-
lum, while strictly lobar CMBs are related to CAA [31,
32]. The reason for the lack of an association with
hypertension in our cohort could be the lower propor-
tion of patients with strictly deep (17%) or infratento-
rial (6%) CMBs compared to strictly lobar.

We found no association between CMB presence or
burden and a history of previous transient ischemic
attack (TTA) or ischemic stroke. However CMBs were
more prevalent among people with recurrent strokes
than those with first-ever strokes in a systematic review
(23% vs 44%, respectively) [30]. The relatively small size

of our sample of only 26 patients (20.4%) with a history
of TIA or ischemic stroke may explain the lack of an
association.

Atrial fibrillation was present in 40% of patients in our
cohort. The prevalence of AF did not differ significantly
according to the existence of CMB, but tended to be
higher in patients with high burden CMBs compared to
patients with low burden CMBs in univariate analysis.
In a systematic review [30], CMBs were observed less
frequently in cardioembolic strokes compared to lacu-
nar strokes (53.5% vs 19.4%, respectively). However, in
a retrospective study involving ischemic stroke and TIA
patients, the prevalence of CMBs in patients with AF
was higher compared with patients without AF [33]. In
cardioembolic ischemic strokes, similar findings were
observed [34]. Prior use of antithrombotics was associ-
ated with the presence of lobar CMBs in both studies.
Although AF was associated with high burden CMBs in
our study, in the multivariate regression analysis, it lost
its significance for predicting the overall CMB burden.
Antiplatelet use (monotherapy or dual antiplatelet), oral
anticoagulant use, and antiplatelet plus anticoagulant
use were not associated with CMB presence or burden.
While in the Rotterdam study, aspirin was related to
lobar and clopidogrel was related to deep or infratento-
rial CMBs [35, 36], in the Framingham study antiplatelet
use was associated with non-lobar CMBs [37]. A recent
population based study of aging did not found any asso-
ciation between antiplatelet use and CMBs [38]. On the
other hand, the same study found anticoagulant use to be
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associated with lobar CMB presence and frequency [38].
In a recent review, the association between anticoagulant
therapy and CMB was restricted to strictly lobar CMBs
and warfarin users rather than novel oral anticoagulants
[39]. In our study, 15 (11.8%) patients had prior antico-
agulant use, only 4 of which were using warfarin and 39
patients (30.7%) had antiplatelet use (2 patients were on
both antiplatelet and anticoagulant therapy). The sam-
ple size and limited number of patients on warfarin may
affect the dissimilarities between our study’s findings and
the literature, especially in terms of anticoagulant effect.

In our study, the Fazekas scores showed a significant
association with both CMB presence and number. These
findings are consistent with the literature, where CMB
prevalence increases with MRI correlates of cerebral
microangiopathy as defined by leukoaraiosis, conflu-
ent white matter lesions, or lacunes in healthy subjects,
in patients with ischemic stroke or intracranial haemor-
rhage [7, 28, 40].

In our study, we did not find any association between
CRP, NLR, PLR or MPV levels and white matter lesions
or CMBs. Studies have revealed controversial outcomes
regarding the association between inflammation bio-
markers and MRI findings. In the study of Chung et al.
[18], although NLR was correlated with large artery ath-
erosclerosis, no association was found between NLR and
silent lacunar infarctions or WMHs, similar to the find-
ings of the study by Costa et al. [41]. High levels of NLR
were associated with larger volumes of WMH, but were
not closely associated with silent brain infarcts and CMB
[42]. Higher plasma CRP levels were significantly associ-
ated with the presence of cerebral white matter lesions
[28, 31], CMBs [43] and lacunar infarcts [32]. Despite
the large number of publications on inflammation and
cerebral SVD in recent years, our current knowledge is
too fragmentary to justify a clear association. Timing of
the cell counts, which is performed during acute phase
of stroke, could affect our results. Most of the studies
that have investigated the association of inflammation
markers with MRI correlates of SVD were conducted
with healthy volunteers without cerebrovascular disor-
ders. It is known that acute stroke can alter inflamma-
tory cell populations in the blood as it induces a complex
interaction between the brain and the immune system.
Stroke-induced brain inflammation, and responses of
the peripheral innate and adaptive immune systems to
stroke (inflammation, immunodepression, autoreactivity,
or protective immunity), play roles in this inflammatory
cascades [44, 45]. In our study, NLR values were inter-
pretated from blood samples taken on admission within
the first 7 days of ischemic stroke. Therefore, inflamma-
tion markers on admission could be affected by immune
alterations at acute onset of stroke and may not directly
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reflect their association with CMBs, which are chronic in
nature.

Our study’s strength is due to the availability of blood
test results and MRI scans involving SWI before any
therapeutic intervention in IS patients. Imaging modali-
ties used for detecting SVD were uniform in all patients.
The relatively optimal number of patients with high CMB
burden gave us the opportunity to compare with patients
with low burden. However it was a retrospective study in
a single centre with a relatively small sample size. Other
limitations can be the absence of analysing cerebral SVD
forms other than CMBs and WMHs such as subclinical
lacunar infarcts or dilated perivascular spaces. Also, we
evaluated the association of CMBs with inflammatory
markers irrespective of the ischemic stroke classification
such as lacunar or territorial. In a further study with a
larger sample size, association of inflammatory markers
and different SVD forms can be investigated in-between
subtypes of ischemic stroke.

Conclusions

Our findings suggest that the major factors associated
with CMB presence and number in ischemic stroke
patients are leukoaraiosis and advanced age, respectively.
In the acute stroke onset, inflammatory markers were not
associated with CMB presence or number. Future studies
with larger prospective cohort of acute IS patients, addi-
tively investigating other types of SVD are needed in this
field.
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