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ABSTRACT

Background: The susceptibility-weighted imaging (SWI) is an essential MRI sequence in the assessment of acute
ischemic stroke. Silent cerebrovascular disease is five times more prevalent than symptomatic brain infarcts and is
associated with future risk for stroke and dementia.

Objectives: Evaluation of the diagnostic performance of susceptibility-weighted magnetic resonance sequence imaging
(SWI) for early diagnosis of silent brain infarction (SBI) in apparently neurologically-free patients presented by transient
neurological manifestations.

Patients and Methods: The study included 218 patients who were clinically evaluated for demographic, clinical data
concerning presence of chronic medical diseases, presenting symptoms and its frequency and severity. Routine lab
investigations and lipid profile were performed and the plasma atherogenic index (PAI) for oncoming cardiovascular
insults was calculated. MRI scan was performed using 1.5 T MRI scanner (Toshiba Vantage) with a head coil.
Results: 102 patients (46.8%) had chronic medical diseases and hypertension (HTN) and diabetes mellitus (DM) are
the most common. The commonest complaint was occasional amnesia, slurred speech and weak handgrip. PAI defined
53 patients at high, 101 patients at intermediate and 64 patients at low risk of cardiovascular insults. Susceptibility vein
sign (SVS)+ were detected in 78 SWI scans and showed positive significant correlation with smoking, multiple co-
morbidities, presence of chronic kidney disease, DM, hypertension and with PAI.

Conclusion: The presence of SVS in SWI during MRI examination is pathognomonic sign for the presence of SBI. The
incidence of SBI on SWI scans of apparently neurologically free patients who presented by transient neurological
manifestations is high and was found to be associated with the presence of chronic medical diseases especially in obese
dyslipidemic patients.

Keywords: Apparently neurologically-free patients, Silent brain infarction, Susceptibility-weighted magnetic resonance

sequence imaging, Susceptibility vein sign.

INTRODUCTION

Silent cerebrovascular disease including silent
brain infarction (SBI) and white matter disease (WMD)
is commonly found incidentally on neuroimaging scans
obtained in routine clinical care @, Silent brain
infarction was defined as a brain lesion that is
presumably a result of vascular occlusion that was
detected incidentally by neuroimaging scans in
otherwise healthy subjects or during autopsy ©.
According to MRI findings, SBI was defined as
asymptomatic, well-defined lesions with a diameter >3
mm with the same signal characteristics as the
cerebrospinal fluid on T1- or T2-weighted images ©® and
were detected by neuroimaging in up to 20% of
asymptomatic patients @,

The prevalence of SBI showed racial, ethnic,
and age differences; however, in the general population
it ranges between 8 and 28% and is higher in
symptomatic stroke patients up to 38% ®. Multiple risk
factors other than age could point to the possibility of
the presence or development of SBI in the future and
include hypertension, hyperlipidemia, smoking,
hyperhomocysteinemia, low high-density lipoprotein,
and alcohol consumption ®. Moreover, SBI is the most
common neurological complication in sickle cell
disease patients ”, patients with a family history or who

had current coronary heart diseases ®, and patients with
internal carotid atherosclerosis © or had prosthetic
cardiac valves or stents and maintained on
anticoagulants ©,

Epidemiological research showed that silent
cerebrovascular disease is five times more prevalent
than symptomatic brain infarcts @ and is associated
with future risk for stroke and dementia @9, thus
representing an important opportunity for stroke
prevention @,

The susceptibility-weighted imaging (SWI) is
an essential MRI sequence in the assessment of acute
ischemic stroke 2. The susceptibility vessel sign (SVS)
on gradient echo imaging is defined as a hypointense
signal exceeding the diameter of the contralateral artery
at the site of the thrombus ®®. The appearance of SVS
is due to the presence of deoxyhemoglobin secondary to
occlusion and decreased oxygenation and leads to local
magnetic field inhomogeneity with a subsequent signal
loss on the T2* sequences 4.

The detection of SVS showed multiple clinical
applications, its diameter and length may predict stroke
subtype, and longer thrombus size was independently
associated with early neurological deterioration in
patients with minor stroke and long vessel occlusion
following intravenous thrombolysis “%. Moreover, the

@ @ @ This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/)
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presence of SVS is associated with cardiometabolic
disorder subtype @9, early recanalization rate in patients
with acute ischemic stroke receiving intravenous
thrombolysis therapy @4,

The aim of the present work was to evaluation of
the diagnostic performance of detection of susceptibility
vessel sign on SWI scan for early diagnosis of SBI in
apparently neurologically-free patients presented by
transient neurological manifestations.

PATIENTS AND METHODS

This was a prospective cross-sectional study
included 218 patients who were clinically evaluated for
demographic, clinical data concerning presence of
chronic medical diseases, presenting symptoms and its
frequency and severity, conducted at diagnostic
Radiology Department, Faculty of Medicine, Menoufia
University.

The study protocol was designed to include all
neurologically-free  patients  presenting to the
outpatients' clinic of the Neurology Department with
transient neurological manifestations who were eligible
for evaluation. The collected personal and medical
history data included age, sex, weight, and height for
calculation of body mass index (BMI; kg/m?) and
obesity was defined as BMI >30 kg/m?, special habits
especially smoking, presence of medical morbidities as
hypertension (HTN), cardiovascular diseases or
previous interventions, diabetes mellitus (DM), chronic
kidney disease (CKD), coagulopathy, deep venous
thrombosis or varicose veins, history of previous
episodes of transient ischemic attacks, maintenance on
any medications. Then, patients were clinically
examined to evaluate their complaints, regarding their
frequency, severity, and associated manifestations.
Then, blood samples were obtained for estimation of
random blood glucose, liver and kidney functions, and
patients were asked to give a blood sample after 12-hr
fasting for estimation of lipid profile and calculation of
the plasma atherogenic index (PAI) for the possibility
of oncoming cardiovascular insults; thereafter patients
underwent MRI imaging.

Exclusion criteria: Patients had evident neurological
manifestations of acute cerebral infarction, patients with

positive findings on MRI other than SVS,
contraindication for MRI scan as the presence of a
cardiac pacemaker, cardiac prosthetic valves,

intracranial aneurysmal clip, or refusal to participate in
the study.

Inclusion criteria: Neurologically-free patients who
presented with transient neurological manifestations
and were free of definite neurological deficits and other
exclusion criteria were included in the study.

Methods:

MRI Scan:
Table (1): Patients' enrolment data
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Non-contrast MRI brain was performed using a 1.5
T MRI scanner (Toshiba Vantage, USA) with a head
coil. The sequences performed were sagittal T1, axial
T2, diffusion-weighted imaging with B values of 0 and
1000, Flair weighted image, and SWI. The imaging
parameters for SWI were repetition time of 50 ms, time
to echo of 40 ms, flip angle 15°, slice thickness 2.5 mm,
bandwidth 80 kHz, and field of view of 230 mm?, and
took an additional 4 minutes of scan time. The SWI
sequence generated four sets of images: Phase,
magnitude, SWI axial, and thick minimum intensity
projection (MIP) images.

MRI evaluation for data collection:

The following findings in the MRI scan were
collected: the location of infarct, presence of dark
vessel, prominent cortical and/or intramedullary veins
in the vicinity of the infarct. Stroke-associated
hemorrhage, if present, was categorized as acute
petechial hemorrhage if it occupies <50% of the infarct
area or macro-hemorrhage if it occupied > 50% of the
infarcted area as compared to the area of diffusion
restriction.

Ethical consent:

An approval of the study was obtained from
Menoufia University Academic and Ethical
Committee. Every patient signed an informed
written consent for acceptance of participation in the
study. This work has been carried out in accordance
with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for studies
involving humans.

Statistical analysis

Statistical analysis was conducted using
IBM® SPSS® Statistics (Version 22, 2015; Armonk,
USA) for Windows. Obtained data were presented as
mean, standard deviation, median, interquartile ranges,
numbers, and percentages. Spearman's correlation
analysis was used to assess the relationship between
positive SVS and demographic, clinical, and lab data.
Regression analysis (Stepwise method) was used for
stratification of data as a predictor for SVS+ and results
were assured using the automatic linear modeling
analysis. The positive predictive value of variables was
evaluated using receiver operating characteristic (ROC)
curve as judged by the area under the curve (AUC). P-
value <0.05 was considered statistically significant.

RESULTS
421 patients who were presented to Neurology
Outpatient  clinic  with  transient  neurological

manifestations were eligible for evaluation; 203 patients
were excluded for not fulfilling the inclusion criteria,
and 218 were enrolled in the study and completed the
study protocol. Patients' enrolment data are shown in
table 1.
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Data Number %

<40 37 17
41-50 68 31.2
Age (years) 51-60 57 26.1
>60 56 25.7

Mean (xSD) 50.3 (9.9)

Gender Male 131 60.1
Female 87 39.9
<30 (Overweight) 75 344
5 30-35 (Obese) 123 56.4

BMI (kg/m?) >35 (Morbid obese) 20 9.2

Mean (£SD) 31.1(2.2)

Ex-smoker 65 29.8

Smoking Current smoker 98 45
Never 55 25.2
. . No 116 53.2
Associated morbidities Yes 102 6.8
. One 38 37.3
mz:gti)girtioefs associated Two a1 202
Three 23 22.5
Diabetes mellitus 63 61.8
Type of associated Hypertension 72 70.6
morbidities Cardiovascular lesion/surgery 21 20.6
Chronic kidney disease 33 32.4

Data are presented as numbers, percentage, mean and standard deviation (SD), BMI: Body mass index

All patients presented with transient neurologic manifestations but the commonest complaint was occasional
amnesia, slurred speech, and weak handgrip. Mean values of laboratory investigations were within the normally
accepted range. However, calculation and categorization of the PAI defined 53 patients (24.3%) had a high risk of
cardiovascular insults, 101 patients (46.3%) had intermediate-risk and 64 patients (29.4%) had low risk; details of
clinical presenting data and laboratory findings are shown in table 2.

Table (2): Clinical presenting complaints and laboratory findings in the studied patients

Data Number %
Headache 18 8.3
Dizziness 23 10.6
Vertigo 7 3.2
Slurred speech 31 14.2
Clinical presenting Blurred vision 13 6
complaints Muscle fatigue 26 11.9
Weak handgrip 29 13.3
Foot numbness 17 7.8
Amnesia 39 17.9
Lethargy 15 6.9
Random blood glucose (mg/dl) 88.7+7.7
Serum urea (mg/dl) 26.9+3.8
Serum creatinine (mg/dl) 0.9+0.14
Serum aspartate transaminase (mg/dl) 25.8+5.4
Lahoratory findings Serum alanine transaminase (mg/dl) 29.24+6.8
Total cholesterol 217.14£29.2
. . Triglycerides 146.7+20
L"z'rgg%cl’; e MHpL-c 42451
LDL-c 116.4+26
VLDL-c 29.3+4
Low risk 64 29.4
. Intermediate risk 101 46.3
Plasma atherogenic index (PAI) High risk 53 243
Median [IQR] 0.161 [0.11-0.24]

Data are presented as numbers, percentages, mean, standard deviation, median, and interquartile range (IQR); HDL-c: High-density
lipoprotein cholesterol; LDL-c: Low-density lipoprotein cholesterol; VLDL-c: Very low-density lipoprotein cholesterol; low risk:
PAI=-0.3 to 0.1; intermediate risk: PAI=>0.1-0.24; high risk: PAI=>0.24.
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Evaluation of MRI images and SVS was
detected in 78 SWI images; these 78 patients were
considered as having SBI, while the remaining 140
patients were considered as both neurologically and
radiologically free.

Spearman's correlation analysis showed a
positive significant correlation between the incidence of
SVS+ and smoking, either current or ex, multiple co-
morbidities, presence of CKD, DM, HTN, and with
PAI, in decreasing order of significance. Stratification
of patients' data as regards the importance for the
prediction of SBI using the automatic linear modeling

analysis defined high PAI as the most important
predictor for SVS+ by 48%, smoking by 33%,
multiplicity of co-morbidities by 8%, male gender by
7% and high BMI by 4% as shown in in table 3 and
figure 1.

Regression analysis, stepwise method, defined
smoking, and high PAI as the significant predictors for
SVS+. Differentiation between high PAI and smoking
as the best predictor for SVS+ using ROC curve
analysis defined high PAI as the variable with high
positive predictive value for SVS+ (Table 3 and figure
2).

Table (3): Statistical analyses of patients demographic, clinical, and laboratory data as predictors for SVS+

Spearman's correlation analysis

Variables Rho p

Age 0.124 0.067
BMI 0.111 0.107
Male gender 0.127 0.061
Smoking 0.431 <0.001
Multiple co-morbidities 0.164 0.016
Hypertension 0.141 0.039
Cardiac disease/surgery 0.077 0.256
Diabetes mellitus 0.143 0.035
PAI 0.139 0.040

The Automatic Linear Modeling Analysis

Variables Importance %
PAI 48
Smoking 33
Multiple co-morbidities 8
Male gender !
BMI 4
Regression analysis **Stepwise Method™
Variable B P
Smoking 0.374 <0.001
PAI 0.170 0.007
Receiver Operating Characteristic Curve Analysis
. AUC SE P 95% ClI
Variables
Smoking 0.578 0.038 0.056 0.502-0.653
PAI 0.759 0.033 <0.001 0.695-0.823

Rho: Spearman's coefficient; PAI: Plasma atherogenic index; BMI: Body mass index; AUC: Area under the curve; SE.

Standard error; Cl: Confidence interval.

440



https://ejhm.journals.ekb.eg/

Predictor Importance

Target: SVS
PAI 5
Smoking
somarhidities
Male i
BMI
T T | i
00 02 04 08 08 10

BMI_transformed

Least Important

Maost Important

Figure (1): The Automatic Linear Modeling Analysis for the importance of patients' data as predictors for the
presence of SVS+ on SWI imaging
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Figure (2): The ROC curve analysis for high PAI and smoking as predictors for the presence of SVS+ on SWI
imaging
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Case Presentation

C

Figure (3): A 42-year-old female patient presented with vertigo, dizziness, and numbness of the left lower limb. The
fluid-attenuated inversion recovery image of the patient showed no demonstrable hyperintensity (Image A). Diffusion-
weighted image and ADC were negative with no evidence of restricted diffusion (Image B and C). Susceptibility-
weighted image (SWI) showing multiple hypointense vessels at the right lentiform nucleus (Red arrow), denoting
increased deoxyhemoglobin concentration (SVS+) that indicated increased oxygen demand of this area and suggestive
of SBI.
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Figure (4): A 41-year-old male patient presented with persistent headaches for 3 hours. The fluid-attenuated inversion
recovery image of the patient showed abnormal signal intensity lesion seen at the medial temporal lobe (Image A).
Diffusion restriction at (DWI) at the right temporal lobe (Image B). SWI showed vascular anomaly and aneurismal
dilatation of the right posterior communicating artery with SVS+ (red arrow) denoting vascular occlusion and
intraluminal thrombosis.
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Figure (5): A 39-year-old female patient presented with vertigo, dizziness; Fluid-attenuated inversion recovery image
of the patient showed slight faint hyperintensity at the frontal cingulate gyrus (White arrow) (Image A). Diffusion
weighted image showing slight hyperintensity with negative ADC and no evidence of restricted diffusion (Image B and
C). Susceptibility-weighted image (SWI) showing prominent hypointense vessel sign at A2 segment of right anterior
cerebral artery (Red arrow), denoting increased deoxyhemoglobin concentration (SVS+) that indicated increased oxygen
demand of this area and suggestive of SBI (Image D and E).

DISCUSSION

The current study assured the feasibility of
detection of SVS in SWI images as a pathognomonic
sign for incidental detection of SBI in apparently
neurologically-free patients presenting by transient
neurologic manifestation and allowed for detection of
SBI in 78 patients of the studied patients. In line with
these data, Yang et al. " using SWI and DWI detected
higher SBI prevalence in patients with cerebral
microbleeds and after 1-year follow up concluded that
the presence of SBI in patients undergoing MRI for
recent intracranial hemorrhage indicates an elevated
risk of future cerebrovascular events and vascular death.
Recently, He et al. ® found the length of the SVS, as
measured using the T2* gradient echo imaging, in
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patients presenting with minor stroke was a powerful
independent  predictor of early neurological
deterioration.

In support of the accuracy of SVS for detection
of cerebral insults, Alhazmi et al. ®® found the SVS
length can differentiate cardioembolic from large-artery
atherosclerosis subtype of embolic stroke of
undetermined source with sensitivity and specificity
rates of 79.7% and 72.7%, respectively. Also, Guenego
et al. @? reported that clot shape in SVS as determined
on T2"imaging in patients presenting with proximal
middle cerebral occlusion can predict the success of
reperfusion  during  mechanical thrombectomy.
Moreover, Rudilosso et al. ®» found in patients with
recent small subcortical infarcts, detection of SVS is
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uncommon but its presence is associated with a higher
grade of deep white matter hyperintensities and brain
atrophy, and more lacunae.

Correlation analysis detected a positive non-
significant correlation between the incidence of SBI and
patients' age, a finding indicating the importance of
other factors than age for the development of SBI. In
line with this finding, Kent et al.  found the hazard
risk for incidental detection of SBI during MRI
examination was higher for patients <65 than patients
>65 years old.

Analysis of patients' clinical enrolment data
detected 102 patients had chronic medical diseases and
about 63% of patients had more than one chronic
medical disease with hypertension and diabetes mellitus
were the most common among these 102 patients.
Moreover, the detection rate of SVS signs showed a
positive significant correlation with the multiplicity of
associated medical problems and with the presence of
hypertension, DM, and chronic kidney diseases.
Similarly, Miglinas et al. @ documented that
subclinical cerebrovascular disease as SBI is more
prevalent with declining renal function and Pini et al.
@3 reported that male sex, hypertension, dyslipidemia,
smoking, contralateral carotid occlusion, and severity of
carotid stenosis were associated with SBI in patients
with asymptomatic carotid stenosis. Raghavan et al. ?%
found an association between brain ischemic attacks
either silent or symptomatic with hypertension and
alcohol history

The calculated BMI showed that all of the
enrolled patients were either overweight or obese, and
20 patients (9.2%) were morbidly obese with BMI >35
kg/m?2. Interestingly, the estimated lipid profile and
calculated PAI detected 53, 101, and 64 patients who
had a high, intermediate, or low risk of cardiovascular
events, respectively, irrespective of age with a positive
significant correlation between PAI and BMI.
Moreover, there was a positive significant correlation
between the incidence of SVS+ and the calculated level
of PAI, and statistical analyses defined high PAI as the
most important predictor for the presence of SVS+.
These findings indicated that obesity with associated
dyslipidemia with a high TG/HDL ratio is a strong
predisposing factor for the development of SBI attacks.

Similarly, Nam et al. ®® in a series of studies of
the prevalence of SBI in a neurologically healthy
population found high TG/HDL cholesterol ratio, the
presence of a metabolic abnormality, and not obesity
per se @, and high visceral adipose tissue @7 are
positively associated with the prevalence of SBI in a
neurologically healthy population. Thereafter, Woo et
al. ® depending on the presence of silent lacunar
infarct and white matter hyperintensities as indices of
small-vessel diseases based on brain MRI in
neurologically healthy participants detected a positive
association between high TG/HDL ratio and the
development of intracranial atherosclerosis
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These data indicated the importance of MRI
evaluation of apparently neurologically-free patients
presenting by transient neurological manifestations with
special regard to SWI images for detection of SVS,
which is a pathognomonic sign for the presence of
temporary vascular occlusion that needs rapid and
meticulous intervention to safeguard against the
development of permanent occlusion and development
of manifest cerebral ischemia. In support of this
assumption, Ganeshan et al. ?® documented that in a
relevant proportion of patients presented by transient
global amnesia, MRI reveals acute ischemic cerebral
lesions and recommended cerebral MRI as a mandatory
diagnostic line for these patients. Moreover, multiple
recent studies advocated MRI evaluation of patients
undergoing invasive vascular or cardiac procedures for
early detection of SBI after this procedure, where
Woldendorp et al. 9 detected an incidence of at least
one new SBI after diagnostic conventional cerebral
angiogram as detected by post-procedural MRI and
meta-regression suggested an association between the
mean number of new SBI and incidence of early and late
post-procedural cognitive dysfunction. Al-Hussain et
al. ©Y found diagnostic conventional cerebral
angiogram is associated with an incidence of SBI
development as judged by MRI performed before and
after cerebral angiography. Moreover, Mao et al. 2
and Wieczorek et al. 2 documented that after ablation
of atrial fibrillation a significant number of patients still
experience silent cerebral embolism, irrespective of the
peri-procedural anticoagulation strategy. Furthermore,
Hao et al. ®¥ found the 5-year risks of recurrent stroke
and all-cause mortality of cases with silent versus
manifest lacunar infarcts that were detected by brain
MRI were comparable; 38% vs 43% and 11% vs 14%.

CONCLUSION

The incidence of SBI on SWI scan during MRI
examination of apparently neurologically-free patients
who presented by transient neurological manifestations
is high and was found to be associated with the presence
of chronic medical diseases, especially in obese
dyslipidemic patients. The presence of SVS in SWI
during MRI examination is a pathognomonic sign for
the presence of SBI and could predict its outcome as
documented in the literature.

RECOMMENDATIONS

Transient neurologic manifestations must be
seriously evaluated clinically, laboratory and by MRI
with special regard to SWI for detection of SVS.

Limitation: Follow-up data of these patients were
missed and this limited the evaluation of the
predictability of SVS for the outcome.
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