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INTRODUCTION

Lacunar strokes (LS), caused by the occlusion of in-
dividual penetrating arteries, are small subcortical 
infarcts in the deep hemisphere or in the brainstem.1 
Although LS accounts for one-quarter of all ischemic 
strokes and generally has a favorable outcome, 20-30% 
of patients with LS show neurological deterioration 
(ND), especially motor deficits, within a few days after 
stroke onset.2-4 ND in LS has been shown to be asso-
ciated with cerebral edema, low collateral blood flow, 

thrombus propagation, or recurrent embolism.2,5 Be-
cause ND in LS leads to a high rate of functional dis-
ability, early identification of patients who are at risk of 
progression may improve their clinical and therapeutic 
management.

Blood viscosity (BV) is defined as the measurement of 
intrinsic resistance applied to blood flow, and describes 
the blood stickiness and thickness.6 BV is related to 
elevated concentrations of blood cells and plasma com-
ponents, and high aggregability and low deformability 
of erythrocytes.6,7 Prior studies have demonstrated that 
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high BV increases the major thromboembolic risk, and 
is associated with cerebro-cardiovascular diseases.6-8 
Regarding stroke, several studies have suggested that 
BV appears significantly elevated more commonly in 
LS among stroke subtypes.9,10 It has been postulated 
that when the blood passes the cerebral small arteries, 
increased BV can aggravate the flow disturbance and 
cause luminal occlusion.9,11

Considering the underlying pathomechanisms of ND 
in LS, we hypothesized that increased BV could influ-
ence cerebral vessel viscosity, which is related to throm-
bus propagation and collateral blood flow circulation. 
Hence, this study aimed to determine the relationship 
between ND and BV in patients with LS.

SUBJECTS AND METHODS

1. Patients

We performed a retrospective observational study of 
patients (aged ≥20 years) with ischemic stroke based 
on a single stroke center hospital database from March 
2020 to November 2021. The inclusion criteria were 
1) LS according to the Trial of ORG 10172 in the Acute 
Stroke Treatment classification system,12 2) compatible 
small subcortical lesions on brain computed tomog-
raphy (CT) or magnetic resonance imaging (MRI), 3) 
admission within 5 days of stroke onset, and 4) hemo-
globin (Hb) level between 10-18 mg/dL. Patients with 
intravenous (IV) thrombolysis, recurrent stroke during 
admission, or prior anticoagulant use were excluded 
from the study.

The patients’ characteristics were assessed upon ad-
mission. All patients underwent a physical examination 
and systemic investigations. Neurological examinations, 
including the National Institutes of Health Stroke 
Scale (NIHSS) score, were performed daily by trained 
physicians. The patients were categorized into two 
groups: those with progressive symptoms, and those 
without clinical worsening. Progression was defined as 
worsening by ≥2 points on the NIHSS score for motor 
function or ≥3 points in the total NIHSS score.13,14 The 
NIHSS score at admission was classified as low (NIHSS 
<4) or high (NIHSS ≥4), reflecting that the latter gener-
ally included severe motor weakness. Brain CT or MRI 

was performed on all patients at admission, and upon 
progressive symptoms to exclude cerebral hemorrhage 
and new ischemic lesions. Echocardiography and 24-
hour Holter monitoring were performed in selected 
patients to identify the potential cardiac sources of em-
bolism. During hospitalization, patients were treated 
with aspirin plus clopidogrel dual antiplatelet therapy 
(DAPT) if there were no contraindications. In addition, 
all patients received the best medical treatment, includ-
ing antihypertensives, antidiabetic drugs, or statins. 

2. BV measurement

We used previously published methods of BV mea-
surement in this study.2 In brief, the whole blood 
viscosity was calculated by scanning capillary-tube 
viscometer (SCTV) (Hemovister, Pharmode Inc., Seoul, 
Korea). SCTV assesses systolic BV (SBV) and diastolic 
BV (DBV), which characterize viscosities at high and 
low shear rates, respectively. In this study, BV meas-
ured at a shear rate of 300 s-1 was selected as the SBV, 
and at 1 s-1 as the DBV.4 Although it is not mandatory, 
considering the possible effect of BV on the treatment 
of ischemic stroke, BV has been measured in ischemic 
stroke patients in Sanggye Paik Hospital since January 
2017. Laboratory tests, including BV, Hb, and hemato-
crit (Hct) were performed before IV hydration therapy. 
BV measurements were performed within 24 hours of 
sample collection. Because the normal BV values were 
different between men and women (normal reference 
range: SBV 3.66-5.41 centipoise [cP] and DBV 23.15-36.45 
cP in men, and SBV 3.27-4.32 cP and DBV 18.2-27.36 cP 
in women), the analysis was conducted separately for 
each sex.

3. Statistical analysis

Variables were verified for normality using the Kol-
mogorov–Smirnov test. Descriptive data are expressed 
as numbers (percentages) or mean±standard deviation. 
Univariate analyses of baseline characteristics were 
performed using an independent sample t-test or the 
Mann-Whitney U test for continuous variables, and the 
chi-square test for categorical variables. Multivariable 
logistic regression models were used to analyze the 
association between univariate variables and progres-
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sive symptoms. Receiver operating characteristic (ROC) 
curve analysis was performed to determine the cutoff 
value of BV for progressive symptoms. The area under 
the ROC curve (AUC) and CI were assessed. Two-sided 
null hypotheses of no difference were rejected at p<0.05. 
Statistical analyses were performed using SPSS version 
25.0 for Windows (IBM Co., Armonk, NY, USA).

RESULTS

In total, 215 patients (26% of the total stroke popula-
tion of the institute during the study period) who had 
experienced LS were screened for enrolment, of whom 
33 (15%) were excluded from the study (12 due to admis-
sion after 5 days of stroke onset, nine due to Hb level 

<10 or >18 mg/dL, eight with IV thrombolysis, two with 
recurrent stroke during admission, and two with prior 
anticoagulant use). Consequently, a total of 182 patients 
were included in the final analysis.

The baseline characteristics of the enrolled pa-
tients are shown in Table 1. Of these, 40 patients (22%) 
showed clinical progression of stroke symptoms, 
and 78% remained stable or improved. For males, 
the study group consisted of 116 patients (22% with 
progression of stroke symptoms), and the mean age 
was 68.20±12.01 years. Of these, 69% had a history 
of hypertension, 36% had a history of diabetes, 49% 
had a history of dyslipidemia, and 42% were current 
smokers. Thirty-four patients (29%) regularly used 
antiplatelets (aspirin alone, 47%; clopidogrel alone, 
29%; aspirin plus clopidogrel, 12%; and others, 12%) 

Table 1. Baseline characteristics of the study population

Men Women

Total (n=116)
Progressive 

(n=25)
Non-progres-

sive (n=91)
p-value Total (n=66)

Progressive 
(n=15)

Non-progres-
sive (n=51)

p-value

Age, years 68.20±12.01 67.50±12.11 68.40±12.04 0.740 72.70±11.35 68.70±11.06 73.90±11.26 0.122

Hypertension 80 (69.0) 19 (76.0) 61 (67.0) 0.391 52 (78.8) 12 (80.0) 40 (78.4) 0.896

Diabetes mellitus 42 (36.2) 10 (40.0) 32 (35.2) 0.656 27 (40.9) 8 (53.3) 19 (37.3) 0.266

Dyslipidemia 57 (49.1) 11 (44.0) 46 (50.5) 0.562 40 (60.6) 11 (73.3) 29 (56.9) 0.369

Stroke 20 (17.2) 5 (20.0) 15 (16.5) 0.68 13 (19.7) 3 (20) 10 (19.6) 0.973

Coronary artery 
disease

6 (5.2) 1 (4.0) 5 (5.5) 0.765 3 (4.5) 0 (0.0) 3 (5.9) 0.336

Current smoking 49 (42.2) 12 (48.0) 37 (40.7) 0.510 3 (4.5) 0 (0.0) 3 (5.9) 0.336

Prior antiplatelets 
use

34 (29.3) 5 (20.0) 29 (31.9) 0.248 21 (31.8) 3 (20) 18 (35.3) 0.264

Time to admission, 
hours

27.3±28.38 11.7±9.55 31.5±30.31 0.002* 28.9±25.34 13.4±8.26 33.4±26.9 0.006*

Onset to admission 
≤24 hours

78 (67.2) 21 (84.0) 57 (62.6) 0.043* 37 (56.1) 14 (93.3) 23 (45.1) <0.0001*

NIHSS score at 
admission ≥4

37 (31.9) 13 (52.0) 24 (26.7) 0.015* 20 (30.3) 5 (33.3) 15 (29.4) 0.771

Lesion localization 0.793 0.009*

Anterior 63 (54.3) 13 (52.0) 50 (54.9) 43 (65.2) 14 (93.3) 29 (56.9)

Posterior 53 (45.7) 12 (48.0) 41 (45.1) 23 (34.8) 1 (6.7) 22 (43.1)

SBP, mmHg 169±31.97 174±37.49 167±30.34 0.323 172±33.81 182±42.51 169±30.65 0.187

DBP, mmHg 92±19.69 97±24.33 91±18.17 0.183 92±16.41 96±17.05 90±16.18 0.259

Values are presented as number (%) or mean±standard deviation.
NIHSS; National Institutes of Health Stroke Scale, SBP; systolic blood pressure, DBP; diastolic blood pressure.
*Significant p-value.
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at admission. The median time from symptom onset 
to hospital arrival was 16 hours, and 67% of patients 
visited the hospital within 24 hours. The median NI-
HSS score at admission was 3, and 32% of patients 
presented with NIHSS ≥4. All baseline characteristics 
were well balanced across the two groups except time 
to admission (p=0.002), onset to admission ≤24 hours 
(p=0.043), and NIHSS score ≥4 at admission (p=0.015),  
suggesting that the progressive stroke group visited 
the hospital earlier with more severe symptoms than 
the non-progressive stroke group. For females, 66 pa-
tients were enrolled in the study (23% with progression 
of stroke symptoms), and the mean age was 72.70±11.35 
years. There were no differences in the baseline char-
acteristics between the two groups, except for time 
to admission (p=0.006), onset to admission ≤24 hours 

(p<0.0001), and lesion localization (p=0.009). The pro-
gressive stroke group visited the hospital earlier and 
had more anterior circulation lesions than that in the 
nonprogressive stroke group.

Table 2 shows the laboratory findings of the study 
population. In men, no significant differences were 
observed in laboratory findings between the groups, ex-
cept for SBV and DBV. The SBV and DBV were higher 
in the progressive stroke group (p=0.007 and p=0.006, 
respectively), showing that the progressive stroke 
group had increased BV at admission compared to the 
non-progressive stroke group. Multivariable logistic re-
gression analysis revealed that onset to admission ≤24 
hours (odds ratio [OR], 4.03; 95% CI, 1.10-14.71; p=0.035), 
NIHSS ≥4 at admission (OR, 2.63; 95% CI, 1.03-6.71; 
p=0.043), SBV (OR, 3.57; 95% CI, 1.39-9.16; p=0.008), and 

Table 2. Laboratory findings of the study population

Men Women

Total (n=116)
Progressive 

(n=25)
Nonprogres-

sive (n=91)
p-value Total (n=66)

Progressive 
(n=15)

Nonprogres-
sive (n=51)

p-value

Hemoglobin, g/dL 14.4±1.48 14.7±1.46 14.3±1.48 0.289 13±1.36 13.9±0.99 12.8±1.37 0.007*

Hematocrit, % 42.86±4.09 43.5±3.71 42.7±4.19 0.381 39.3±4.49 41.7±2.74 38.6±4.68 0.019*

White blood cells, 
103/μL

7.51±1.89 7.81±1.95 7.43±1.87 0.379 6.81±2.06 7.31±1.69 6.67±2.15 0.292

Platelets, 103/μL 232±68.58 233±56.09 232±71.91 0.951 238±61.39 255±64.41 233±60.24 0.234

BUN, mg/dL 16.4±5.11 15.1±3.73 16.8±5.39 0.147 17.1±5.61 15.5±4.02 17.5±5.95 0.233

Creatine, mg/dL 1.05±0.88 0.88±0.17 1.09±0.99 0.300 0.7±0.21 0.66±0.11 0.71±0.23 0.438

Random plasma 
glucose, mg/dL

160±79.27 160±84.75 160±40.99 0.974 152±74.09 182±110.55 143±57.95 0.205

Total cholesterol, 
mg/dL

171±53.16 160±84.75 173±55.96 0.294 180±51.15 188±50.82 178±51.54 0.518

LDL-cholesterol, 
mg/dL

104±34.56 99±29.97 105±35.79 0.480 109±34.88 114±32.89 107±35.61 0.499

HDL-cholesterol, 
mg/dL

43±10.27 40±9.02 44±10.49 0.096 49±11.15 51±10.58 48±11.34 0.427

Triglyceride, mg/dL 125±64.63 112±44.16 128±69.13 0.289 114±74.39 108±43.11 115±81.62 0.744

INR 1±0.07 0.99±0.06 1±0.07 0.467 0.99±0.11 0.97±0.43 1±0.12 0.352

SBV, cP 4.65±0.56 4.92±0.58 4.57±0.54 0.007* 4.33±0.63 4.73±0.56 4.2±0.6 0.004*

DBV, cP 30.82±8.32 34.90±29.63 29.63±7.57 0.006* 25.86±8.76 31.35±8.57 24.11±8.15 0.004*

hs-CRP, mg/dL 0.36±0.82 0.32±0.74 0.38±0.84 0.734 0.54±1.13 0.51±1.12 0.54±1.17 0.930

Values are presented as mean±standard deviation.
BUN; blood urea nitrogen, LDL; low-density lipoprotein, HDL; high-density lipoprotein, INR; international normalized ratio, SBV; sys-
tolic blood viscosity, cP; centipoise, DBV; diastolic blood viscosity, hs-CRP; high sensitive C-reactive protein.
*Significant p-value.
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DBV (OR, 1.09; 95% CI, 1.02-1.16; p=0.012) were signifi-
cantly associated with progressive stroke. In men, the 
cutoff value of the SBV and DBV in progressive stroke 
were 4.77 cP (sensitivity, 70.8%; specificity, 31.7%) and 
32.35 cP (sensitivity, 66.7%; specificity, 65.9%), respec-
tively. The AUC was 0.68 (95% CI, 0.56-0.80; p=0.007) 
and 0.67 (95% CI, 0.55-0.80; p=0.011) (Fig. 1). Analysis 
of the female groups showed that Hb, Hct, SBV, and 
DBV were significantly higher in the progressive stroke 
group. Multivariable logistic regression analysis re-
vealed that onset to admission ≤24 hours (OR, 17.92; 
95% CI, 2.16-148.62; p=0.008) was related to progressive 
stroke, suggesting that most ND occurred within days 
after stroke onset. There was also a trend towards in-
creased BV being associated with progressive stroke 
(SBV OR, 3.25; 95% CI, 0.97-10.97; p=0.057; and DBV, OR, 
1.07; 95% CI, 0.99-1.18; p=0.054).

DISCUSSION

In this study, we evaluated the relationship between 
ND and BV in LS patients. Our study showed that 
admission within 24 hours, higher NIHSS score, and 
higher BV at admission were associated with an in-

creased risk of ND in male patients with LS. In women, 
the onset to admission within 24 hours was associated 
with progressive stroke, confirming that most ND oc-
curred within days after stroke onset. These data were 
consistent with previously reported data demonstrat-
ing that in 20-30% of LS patients, neurological deficits 
worsen in hours or days after LS onset.5,15 In our study, 
the median time from symptom onset to hospital ar-
rival was 11 hours in the progressive stroke group and 
21 hours in the nonprogressive stroke group. Regard-
ing NIHSS score, recent studies have suggested that 
a higher NIHSS score at admission is associated with 
an increased risk of ND.13,16 Eighteen patients (45%) 
with progressive stroke presented with NIHSS ≥4 in 
our study. From a therapeutic point of view, patients 
with NIHSS ≥4 at admission were excluded from the 
POINT trial.17 However, one study demonstrated that 5 
days of DAPT are associated with improved functional 
outcomes in progressive LS.14 Although DAPT efficacy 
and the mechanisms underlying ND are not yet fully 
understood, DAPT might improve functional outcomes 
and reduce clinical fluctuation by reducing thrombus 
propagation or arterial reocclusion, which is closely re-
lated to the mechanism of progressive LS.

There is still no generally accepted definition of ND 
for patients with LS. Several studies have used diverse 
neurological scales and definitions when classifying 
patients into a progressive stroke group.5,13-15 One study 
reported that worsening more than 1 point in NIHSS 
score is reasonable since the major ND occurred in mo-
tor function.5 Considering the criteria for NIHSS score 
and clinical fluctuations in LS, we defined progressive 
stroke as worsening by ≥2 points on the NIHSS score 
for motor function or ≥3 points in all NIHSS scores.13,14 
We believe that an advanced evidence-based definition 
of ND in LS is essential to perform good clinical trials 
and provide the best treatments.

Failure of collateral circulation, thrombus propaga-
tion, arterial reocclusion, hemorrhagic transformation, 
stroke recurrence, seizure, brain edema, neuronal 
excitotoxicity, inflammation, and peri-infarct depo-
larizations may be associated with ND in LS.15,18,19 The 
most plausible explanation tis that local thrombosis 
superimposes to the ostial atheroma, and thrombus 
propagation proximal to distal, or distal to proximal 
segments of a perforating artery.15,19 Hemodynamic 

FIG. 1. Receiver-operating characteristic curves to determine the cut-
off value of blood viscosity in progressive lacunar strokes. Area under 
the curve is 0.68 (95% CI, 0.56-0.80) and 0.67 (95% CI, 0.55-0.80) in 
men. CI; confidence interval, SBV; systolic blood viscosity, DBV; dia-
stolic blood viscosity.
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insufficiency of perforators near the one responsible 
for the ischemic insult could also contribute to trans-
formation of the penumbra into infarction.15 It is well 
known that increased BV reflects an acute phase re-
sponse to stroke and presents an independent stroke 
risk factor.20,21 There are several potential explanations 
for the relationship between BV and progressive LS.9,20 
Firstly, a reduction in the collateral circulation could be 
one of the potential mechanisms that lead to progres-
sive LS. Further, cerebral perfusion is inversely related 
to BV and thus,20 an increased BV can lead to decreased 
cerebral perfusion in patients with progressive LS. BV 
is elevated in the acute phase of ischemic stroke and 
gradually improves in the chronic phass,7 and appears 
to be significantly higher in LS than in other stroke 
subtypes.9,11 When the blood passes through the stenot-
ic cerebral perforating arteries, increased BV can aggra-
vate the flow disturbance and cause vascular endothelial 
remodeling and luminal occlusion. These hemorhe-
ological changes can be related to thrombus propaga-
tion or arterial reocclusion in progressive LS.22 Taken 
together, it can be assumed that increased BV may play 
an important role in the mechanism of progressive LS.

Our study has several limitations. First, the number 
of patients with progressive LS may have been underes-
timated. The frequency of progressive LS is described 
to be dependent on the time of admission.5 The ND 
in LS usually occurred within the first days following 
stroke onset, but only 63% of patients visited the hos-
pital within 24 hours after stroke onset in our study. 
Second, BV is elevated in the acute phase of ischemic 
stroke and gradually decreases over time.7 The earlier 
hospital visit in the progressive stroke group and the 
time differences of measuring BV between the groups 
may explain the discrepancy in our results. However, 
Hct, the major determinant of BV, was similar between 
the groups in men, suggesting that these results were 
not related to the BV measurement time. Third, several 
clinical and neuroimaging data have been studied as 
potential predictors of LS progression. Lesion location 
(internal capsule, pons, and corona radiata), motor 
function involvement, and the presence of a few risk 
factors linked to atherosclerosis are the most consis-
tently reported. Regarding imaging risk factors, previ-
ous brain MRI studies have shown that corona radiata 
or pontine lesions are associated with ND in patients 

with LS. Although a trend towards concordance with 
previous studies was observed (p=0.113), our study failed 
to demonstrate significant imaging data. Finally, the 
statistical power of the results supporting our conclu-
sion was fairly weak, mainly because of the small sam-
ple size and lack of age-matched controls. These lim-
itations should be considered when interpreting our 
results, and the present findings need to be confirmed 
in larger trials.

In conclusion, this study showed that admission 
within 24 hours, higher NIHSS score, and higher BV at 
admission were all associated with an increased risk of 
ND in male patients with LS. Increased BV may play an 
important role in the reduction of cerebral collateral 
circulation, thrombus propagation or arterial reocclu-
sion in progressive LS. Further studies focusing on a 
larger sample size with acute onset time are essential to 
confirm our results.
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