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Purpose: This study was to explore the role of pre-existing small vessel disease (SVD) on the 3-month outcomes of acute
cardioembolic stroke (CES) patients.

Patients and Methods: Data of 189 consecutive acute CES patients at a single center were retrospectively enrolled. SVD imaging
markers of lacunes, white matter hyperintensities (WMH) and enlarged perivascular spaces (EPVS) were evaluated and their total
burden score (0-3 points) was calculated. Patients were divided into the good functional outcome group (modified Rankin scale, mRS
< 2) and the poor functional outcome group (mRS > 3) at 3 months after stroke onset. The effect of each single SVD marker and its
total burden score on the outcome was identified using binary logistic regression.

Results: Overall, 100 (52.9%), 52 (27.1%), 28 (14.8%) and 9 (4.8%) patients had 0, 1, 2 and 3 SVD imaging markers. Patients with a total
SVD burden score of 2 and 3 were significantly older and had higher baseline National Institutes of Health Stroke Scale (NIHSS) score
than those with a score of 0 and 1 (P<0.01). Forty-seven (24.9%) patients had a poor outcome. Patients in the poor outcome group had
significantly higher baseline NIHSS score, increased incidence of stroke associated pneumonia, and heavier burden of lacunes, WMH and
EPVS, and thus had elevated total SVD burden score than those in good outcome group (P<0.05). After adjusting for potential
confounders, the WMH (odds ratio [OR] = 2.6777, 95% confidence interval [CI] = 1.052-6.812, P = 0.039) and the total SVD burden
score (OR = 1.717, 95% CI = 1.072-2.749, P = 0.024) were, respectively, independent risk factors for a poor outcome.

Conclusion: The pre-existing SVD may be associated with the 3-month prognosis of CES.
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Introduction
Cerebral small vessel disease (SVD) refers to a group of clinical, neuroimaging, and pathological syndromes caused by
the damage of cerebral perforating arterioles, capillaries, and venules.! SVD imaging markers on magnetic resonance
imaging (MRI) encompass lacunes, white matter hyperintensities (WMH), microbleeds (MCBs) and enlarged perivas-
cular spaces (EPVS).” Studies have shown that these markers were associated with cerebral microcirculation disturbance,
impaired collateral recruitment, disrupted brain integrity, and reduced network efficiency.'”> In addition, they were
highly prevalent in the elderly and were closely related to stroke recurrence and worse clinical outcomes.®’ As the SVD
markers may occur simultancously in one patient, the total SVD burden score has been proposed to assess their
accumulative effect on the brain.® Some studies have found that it independently predicts higher acute ischemic stroke
risk, more severe stroke, and worse outcome.” !

Cardioembolic stroke (CES) accounts for around 15-30% of ischemic stroke.'? When it occurs, the status of cerebral
microcirculation may affect the collateral recruitment, and thus influence the outcome.
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However, few studies have focused on the relationship between these pre-existing SVD markers and the functional
outcome of CES. We aimed to investigate the effect of pre-existing SVD imaging markers on the 3-month outcomes of
acute CES patients with mild to moderate neurological deficit.

Patients and Methods
Subjects

For this single-center, retrospective, observational study, we retrieved data from the stroke center database of Changzhou
NO. 2 People’s Hospital, Jiangsu Province, China. This study was approved by the Clinical Research Ethics Committee
of the Affiliated Changzhou No. 2 People’s Hospital of Nanjing Medical University (approval number: 2018KY032-01).
Written informed consents were obtained from all the patients or their legally authorized representatives. All patient data
were de-identified. This study was conducted in accordance with the Declaration of Helsinki.

Consecutive patients with first-ever acute CES within 48 hours of stroke onset from June 2014 to September 2019
were enrolled. All patients had known or newly-diagnosed non-valvular atrial fibrillation, and stroke events were
confirmed by MRI and treated in accordance with the corresponding guidelines. Other inclusion criteria were: (1) 18
< age < 80 years, (2) anterior circulation infarction involving at least one side of the middle cerebral artery, and (3) the
baseline NIHSS score was 0-14. Patients were excluded if they had reperfusion therapy or had no brain magnetic
resonance angiography (MRA) or computed tomography angiography (CTA), which would be essential to estimate the
stroke subtype.

Diagnosis of Cardioembolic Stroke

Essential tests like electrocardiogram (ECGQG), transthoracic echocardiography, cervical vascular ultrasound and cranial
MRA/CTA were routinely performed. Thus, the known or newly-diagnosed non-valvular atrial fibrillation was confirmed
and the stroke subtype of CES defined by the Trial of Org 10172 in Acute Stroke Treatment (TOAST-criteria) was
identified."

Definition and the Total Burden Score Calculation of SVD Markers

The SVD imaging markers were assessed on MRI and their total burden score was calculated with an ordinal scale (0-3)
counting the presence of each of the three SVD markers.'® Specifically, each imaging marker was defined as the following
and the total SVD burden score was made accordingly: (1) Lacunes were defined as deep lesions (3—15 mm) with CSF-like
signal with hyperintense rim on fluid attenuated inversion recovery (FLAIR) sequence surrounded by white matter or
subcortical gray matter. One point was awarded when one or more asymptomatic lacunar infarcts were present. (2) WMH
was graded using the Fazekas score on FLAIR sequence and divided into periventricular and deep WMH by the lesion
location. One point was awarded in case of the periventricular WMH Fazekas score was 3 (irregular hyperintensities
extending into the deep white matter), and/or if the deep WMH Fazekas score was 2 or 3 (confluent white matter
hyperintensities). (3) EPVS were defined as fluid-filled spaces with signal intensities similar to that of cerebrospinal fluid
on all sequences. They followed the courses of penetrating vessels and were linear, round or ovoid in shape, and with
diameters generally smaller than 3 mm. One point was awarded if EPVS in basal ganglia or semiovale were grade 2 or
above. MRI evaluation was performed independently by a neurologist and a neuroradiologist.

Clinical Evaluation and Functional Follow-Up

Baseline demographics, vascular risk factors, and clinical and laboratory characteristics were obtained from medical
records. Neurological deficit was assessed using the NIHSS score. An intracranial hemorrhage (ICH) was defined as
symptomatic (sICH) if the patient had clinical deterioration causing an increase in the NIHSS score by > 4 points and as
non-symptomatic (nsICH) otherwise.'* Stroke-associated pneumonia (SAP) was diagnosed in the presence of fever,
purulent sputum, abnormal respiratory examination, and pathologic chest X-ray findings and/or leukocytosis or leuko-
penia (white blood cell count > 10 x 10 or < 4 x 10°/L, respectively)."
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Functional outcome was evaluated using the modified Rankin scale (mRS) through an outpatient clinic visit or
telephone inquiry at 3 months after stroke onset. A doctor and a trained nurse separately judged the functional status of
each patient and then achieved a consistent result. Patients were divided into poor outcome group (mRS > 3) and good
outcome group (mRS < 2) on the basis of this judgement.

Statistical Analysis

Continuous variables were presented as mean =+ standard deviation (SD) or median (interquartile range, IQR). Normally
distributed continuous variables were compared using one-way analysis of variance (ANOVA) or Student’s #-test, and the
skewed continuous variables were compared using Kruskal-Wallis H-test or Mann—Whitney U-test. Categorical variables
were expressed as percentages and compared between groups using Pearson’s 2 test. Binary logistic regression analysis
was performed separately to evaluate the effects of lacunes, WMH, EPVS and the total SVD burden score on the
functional outcomes. The results are shown as odds ratio (OR) and 95% confidence intervals (CI). A two-tailed P < 0.05

was considered statistically significant. All statistical analysis was performed on SPSS 22.0.

Results

Baseline Information

A total of 189 patients were included for final analysis, of whom 145 (61.7%) were men. The median age was 72 (IQR67,
76) years and the median admission NIHSS score was 5 (IQR2, 10). As to the total SVD burden score, 100 (52.9%)
patients had score 0, 52 (27.1%) had score 1, 28 (14.8%) had score 2, and 9 (4.8%) had score 3. Age, baseline NIHSS
score, incidence of SAP and 3-month mRS score were significantly higher in patients with a total SVD burden score of 2
and 3 than those with a score of 0 and 1 (P < 0.05) (Table 1).

Table | Comparison of Baseline Data and Clinical Characteristics of Four SVD Burden Groups

Variable SVD=0 SVD=I SVD=2 SVD=3 P-value
(n=100) (n=52) (n=28) (n=9)
Age, v, M (IQR) 71 (66, 75) 70 (66, 75) 78 (72, 80) 76 (75, 80) <0.001%
Male, n (%) 55 (55.0) 27 (51.9) 19 (67.9) 3(333) 0.280°
Smoking, n (%) 27 (27.0) I (21.2) 8 (28.6) I (1.1 0.590°
Hypertension, n (%) 73 (73.0) 40 (76.9) 24 (85.7) 9 (100.0) 0.075°
Diabetes mellitus, n (%) 20 (20.0) 6 (11.5) 10 (35.7) 3(333) 0.066°
Hyperlipidemia, n (%) 16 (16.0) 12 (23.1) 3 (10.7) 2 (222) 0.510°
Congestive heart failure, n (%) 15 (15.0) 8 (15.4) 9 (32.1) 3(33.3) 0.116°
Baseline NIHSS score, M (IQR) 4(2,8) 73, 12) 9(5 1) 7 (6, 13) 0.004*
sICH, n (%) 7 (7.0 6 (11.5) 4 (14.3) I (11.1) 0.627°
nsICH, n (%) 14 (14.0) 4(7.7) 7 (25.0) 0(0) 0.103°
SAP, n (%) 12 (12.0) 8 (15.4) 14 (50.0) 4 (44.4) <0.001°
Stroke recurrence, n (%) 2 (2.0) 1(1.9) 0 (0) 1 (11.1) 0.247°
3-month mRS, M (IQR) 1.0 (0, 2) 1.5 (0, 2) 25 (2, 3) 303, 4) <0.001*
Total cholesterol (X+s) 4.0£0.9 4.2+0.7 4.3+0.8 37411 0.300¢
Triglyceride (X+s) 1.2£0.7 1.2£0.6 1.3£1.5 1.1£0.6 0.953¢
LDL-C (X+£s) 22407 23106 2.3+0.7 22409 0.706°
Fasting glucose (X+s) 5.9+1.4 5.9+2.2 7.043.1 5.5+£1.3 0.035¢

Notes: *Kruskal-Wallis H-test; bPearson’s %2 test; cOne-Way ANOVA test.
Abbreviations: M (IQR), median (interquartile range); NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracerebral hemorrhage; nsICH, non-
symptomatic intracerebral hemorrhage; SAP, stroke-associated pneumonia; mRS, modified Rankin scale; LDL-C, low-density lipoprotein cholesterol.
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Outcome Distribution of Four SVD Score Groups

At 3 months, 47 (24.9%) patients developed poor outcome. The proportion of patients with poor outcome increased with
the increase of the SVD burden score. When the total SVD burden score was 0, 17% patients had poor outcome, while
when the score was 3, the proportion of poor outcome hiked to 78% (Figure 1).

Differences of Risk Factors and Clinical Findings Between the Two Outcome Groups
Compared with patients in the good outcome group, those who developed poor outcome had higher baseline NIHSS
scores and higher incidence of SAP. Also, they had heavier burden of lacunes, WMH and EPVS, and thus had elevated
total SVD burden score (P < 0.05). Additionally, they were older (P < 0.05) (Table 2).

Impact of the Pre-Existing SVD on the 3-Month Outcome in Regression Model

After adjusting for variables with P < (.2 in the univariate analysis, including age, hypertension, congestive heart failure,
baseline NIHSS score, SAP, triglyceride, LDL-C and fasting blood glucose, the WMH (odds ratio [OR] = 2.6777, 95%
confidence interval [CI] = 1.052-6.812, P = 0.039) and total SVD burden score (OR = 1.717, 95% CI = 1.072-2.749, P =
0.024) were, respectively, independent risk factors for poor outcome (Table 3).

Discussion

The present study described the overall distribution of SVD in CES patients and found that the risk of poor outcome
increased with the increase of the SVD burden. WMH and the total SVD burden score were, respectively, independent
risk factors for poor prognosis at 3 months.

Different studies have shown that WMH is an indicator of cerebral microcirculation disturbance and is associated
with stroke outcome. For example, a study scanned 26 cognitively normal elderly subjects with arterial spin labeling
(ASL) sequence, and found that the volume of periventricular WMH was positively correlated with decreased regional
cortical blood flow.'® Another study indicated that the severity of leukoaraiosis was negatively associated with
leptomeningeal collateral circulation rating in patients with acute large artery occlusion, which further suggested that
WMH could disrupt collateral circulation compensation and decrease regional cerebral blood flow.'” As to the effect on
stroke outcome, clinical researches indicate that WMH can increase the risk of occurrence and recurrence of stroke, and
could hinder its recovery.'®!'? Our previous study enrolled CES patients identified by cranial CT or MRI scan and found
that WMLs are an independent risk factor for the outcome.? In this study, patients were evaluated by MRI and it was
found that WMH was an independent risk factor for poor prognosis, which was consistent with the results of studies
focusing on ischemic stroke with other causes.”!

It has been reported that EPVS, one chronic SVD imaging marker in this study, was not associated with the risk of
stroke in the general population, nor did it affect the outcome of stroke patients.”> However, it can impact information
processing and execution functions.”* In this study, EPVS along with other SVD markers can influence the prognosis of
CES, suggesting that there was an accumulative effect caused by multiple SVD markers. To further confirm the
accumulative effect, we performed binary regression analysis to investigate the relationship between the total SVD

mRS=0 mRS=1 mRS=2 mRS=3 mRS=4 » mMRS=5 = mMRS=6
SVD=0
\ g
\ -
SVD=1 ) |
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Figure | Distribution of mRS score at 3 months in 189 patients according to the total SVD burden score.
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Table 2 Differences of Risk Factors and Clinical Findings Between the Two Outcome Groups

Variable Poor Outcome Good Outcome P-value
(n=47) (n=142)
Age, y, M (IQR) 74 (70, 78) 72 (66, 76) 0.021¢
Male, n (%) 27 (57.4) 77 (54.2) 0.700°
Smoking, n (%) 12 (25.5) 35 (24.6) 0.903°
Hypertension, n (%) 40 (85.1) 106 (74.6) 0.138°
Diabetes mellitus, n (%) 10 (21.3) 29 (20.4) 0.900°
Hyperlipidemia, n (%) 6 (12.8) 27 (19.0) 0.328°
Congestive heart failure, n (%) 13 (27.7) 22 (15.5) 0.063°
Baseline NIHSS score, M (IQR) I8, 13) 42,7 <0.001¢
sICH, n (%) 6 (12.8) 12 (8.5) 0.382°
nsICH, n (%) 7 (14.9) 18 (12.7) 0.697°
SAP, n (%) 25 (53.2) 13 (9.2) <0.001°
Anticoagulant therapy, n (%) 25 (53.2) 82 (57.7) 0.585°
Stroke recurrence, n (%) 2 (4.3) 3 (2.1) 0.788°
Lacunes, M (IQR) 0 (0, 0) 0 (0, 0) 0.028°
WMH, M (IQR) 1©1) 0 (0, 0) <0.001¢
EPVS, M (IQR) 0(, 1) 0,1 0.004¢
Total SVD burden score, M (IQR) 1 (0, 2) 0,1 <0.001¢
Total cholesterol (mmol/L, X=£s) 4.2+0.8 4.1£0.9 0.267°¢
Triglyceride (mmol/L, X+s) 1.0£0.5 1.3+0.9 0.013¢
LDL-C (mmol/L, X=+s) 2.3+0.6 2.2+0.7 0.180°
Fasting glucose (mmol/L, X+s) 6.6£2.6 59+1.7 0.073¢

Notes: dMann—Whitney U-test; Pearson’s %2 test; °Student’s t-test.
Abbreviations: WMH, white matter hyperintensities; EPVS, enlarged perivascular spaces.

Table 3 Impact of the Pre-Existing SVD on the 3-Month Prognosis in the
Regression Model

Variable OR (95% CI) P-value
Presence of WMH 2.677 (1.052-6.812) 0.039
Presence of lacunes 2.968 (0.889-9.912) 0.077
Presence of EPVS 1.402 (0.578-3.398) 0.455
Total SVD burden score 1.717 (1.072-2.749) 0.024

Notes: Adjusted for age, hypertension, congestive heart failure, baseline National Institute Health
Stroke Scale (NIHSS) scores, SAP, triglyceride, LDL-C, and fasting glucose. Binary logistic regression
analysis was performed for each dependent variable.

burden score and 3-month prognosis. Results showed that the total SVD burden score was an independent risk factor for
the prognosis of CES patients, which was also consistent with previous studies.***

Accumulative effect of SVD may influence the outcome of CES patients through the other mechanisms: First, the
accumulation of chronic injury of SVD reduces the functional reserve of cerebral tissues.' Second, it can introduce
extensive damage of the brain structure and disrupt the brain neural connections and functional network, so as to impair
the brain plasticity and slow down the stroke recovery.?® Lacunes may play a greater role in this aspect, and it was found
that they can interrupt the connection of white matter fibers in the deep brain.?’ Finally, SVD may impair the cognitive
function of patients, lead to post-stroke depression and delay active rehabilitation.”®

Our study has some limitations. First, this retrospective study adopted a single center database and had a relatively
small sample size, which may increase the selection bias. Second, this study did not assess the CMBs, which, it was
shown, may affect the outcome of patients by destroying the vascular brain barrier and increasing the bleeding risk of

antithrombotic drugs.*’
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In conclusion, the pre-existing SVD may be associated with the 3-month prognosis of CES patients. Measures should

be taken on the evaluation and management of SVD in such patients.

Abbreviations
ASL, arterial spin labeling; CES, cardioembolic stroke; CI, confidence intervals; CTA, computed tomography angio-

graphy; ECG, electrocardiogram; EPVS, enlarged perivascular spaces; FLAIR, fluid attenuated inversion recovery; ICH,

intracranial hemorrhage; IQR, interquartile range; MRA, magnetic resonance angiography; MRI, magnetic resonance

imaging; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; nsICH, non-symptomatic

intracranial hemorrhage; OR, odds ratio; SAP, stroke-associated pneumonia; sSICH, symptomatic intracranial hemorrhage;

SVD, small vessel disease; WMH, white matter hyperintensities.
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