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Background: The transient symptoms with lacunar infarction (TSI) and persistent symptoms 

with lacunar infarction (PSI) are the most common forms of symptomatic lacunar infarction 

(LI). The aim of this study was to compare the differences in TSI and PSI of symptomatic LI.

Methods: A prospective cohort study was conducted in the neurologic outpatients of the tertiary 

teaching hospital in Northern China between February 2011 and February 2012. The TSI and 

PSI in participants aged 35 years or over were assessed. Patients were followed up and their 

outcomes were compared.

Results: Of the 453 symptomatic outpatients, 251 patients with LI were diagnosed by magnetic 

resonance imaging. Approximately 77.3% (194/251) of the patients with LI at this time had 

TSI. and the remaining 23.7% had PSI. After the adjusted odds ratios, only middle age (risk 

ratio [RR], 1.1; 95% confidence interval [CI], 1.157–1.189), lower National Institutes of Health 

Stroke Scale score (RR, 20.6; 95% CI, 6.705–13.31), smaller lacunae on brain images (RR, 2.9; 

95% CI, 1.960–4.245), and LI frequently in the anterior circulation territory (RR, 0.2; 95% CI, 

0.079–0.721) were independently associated with TSI. During a mean follow-up of 6 months, 

survival rate was significantly higher among patients with TSI than among those with PSI (log 

rank, 6.9; P=0.010); estimated unadjusted incidence of vascular subsequent events (30.9% vs 

54.4%, P=0.001) was significantly lower in TSI than in PSI.

Conclusion: The TSI has a higher prevalence and is associated with a lower risk of vascular 

subsequent events and death than PSI. The implications of these findings for TSI and PSI may 

require different interventions.
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Introduction
With the progress of magnetic resonance imaging (MRI), the new definitions for 

transient ischemic attack (TIA) were proposed.1 Furthermore, the transient nonlocal 

symptoms were introduced.2 Symptomatic lacunar infarction (LI) is a common type of 

ischemic infarction in the literature. Although symptomatic LI represents a significant 

burden of symptomatic cases presenting to neurologic services, many of them were 

transient symptoms with LI (TSI) and were treated either in the township health centers 

or in the neurologic outpatients, whereas most hospitalized LI cases were often from 

frequent transient symptoms or persistent symptoms with LI (PSI).3–5 Consequently, 

those PSI were associated with potentially threatening sequelae, especially non-small 

artery disease.4–6 However, very little information has been reported on the differences 

between transient and persistent symptoms in patients with LI. The data currently are 
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from a neurologic outpatient source in Northern China. The 

aim of this study was to clarify the differences in TSI and 

PSI of symptomatic LI.

Methods
This was a prospective observational study. All were 

registered neurologic outpatients of the tertiary teaching 

hospital in Shuyang in Northern China between Febru-

ary 2011 and February 2012. A total of 453 outpatients, 

clinically having their first-ever visit due to presenting with 

one of the five classical lacunar syndromes, or nonfocal or 

mixed symptoms, such as headache and dizziness, which 

can be attributed to an acute stroke, and who underwent 

MRI study of the brain, were enrolled. The upper limit of 

LI is usually defined as less than 15 mm in diameter. In the 

current, radiographic infarct is included in the definition 

of stroke. Furthermore, the diagnostic criteria of recent LI 

on MRI has been proposed:7 1) a round or an ovoid lesion 

of increased signal relative to white or deep gray matter on 

diffusion-weighted images (DWI) or fluid-attenuated inver-

sion recovery (FLAIR); 2) hypointensity on the apparent 

diffusion coefficient map; 3) maximum diameter #20 mm; 

and 4) location in cerebral hemispheric white matter, in basal 

ganglia, or in the brain stem. Thus, we defined recent LI as 

#20 mm in dia meter on MRI-DWI and/or FLAIR. Exclusion 

criteria were as follows: 1) age ,35 years; 2) patients with-

out symptoms; 3) infarct size ,2 mm or .20 mm on MRI; 

4) earlier diagnosis of ischemic stroke.

All the patients underwent MRI of the brain, performed 

with 1.5-T equipment (Siemens AG, Munich, Germany). The 

MRI sequences included conventional T2, FLAIR and DWI 

on axial view (DWI performed for 51% of all patients), from 

medulla to cortex, at 5 mm section thickness. All MR stud-

ies were reviewed by a neuroradiologist and a neurologist. 

The examiners looked specifically for hyperintense lesions 

on FLAIR or DWI. The number and location of lesions on 

MRI were recorded in detail for each patient.

Referring to the Oxfordshire Community Stroke Project 

standard, the symptomatic LI in the brain was divided into 

two territories: anterior circulation territory (involving the 

cortex, subcortical, or basal ganglia) and posterior circu-

lation territory (occipital lobes, thalamus, brainstem, or 

cerebellum).

According to patients’ symptoms lasting ,24 hours or 

.24 hours in duration, the study population was divided into 

two groups: patients with TSI and PSI patients. The National 

Institutes of Health Stroke Scale (NIHSS) was used to assess 

the severity of each LI group. For outcome analyses, follow-up 

information was gathered retrospectively by a neurological 

specialist, who conducted inquiries by phone until July 30, 

2013. The patients given antiplatelet therapy were moni-

tored, and vascular subsequent events (VSE) during 180 day 

follow-up were assessed. The study was approved by the Ethi-

cal Committee on Clinical Research of the Shuyang People’ 

Hospital, People’s Republic of China. Moreover, the study was 

in full compliance with the Helsinki declaration, and written 

informed consent was obtained from each patient.

Related definition
The definition of symptoms classified as shown in Table 1. 

The syndromes classified by Fisher, namely pure sensory 

stroke, pure motor hemiparesis, ataxic hemiparesis, dysar-

thria-clumsy hand, and sensorimotor stroke, were included in 

this study. The nonlocal symptoms such as isolated headache 

or dizziness which can be attributed to the LI, were defined 

as follows.

Headache/migraine is a common complaint for patients 

with cerebrovascular disease and is a common symptom of 

transient or persistent stroke.8–10 Duration of symptoms can 

be from minutes to hours (generally ,24 hours), although 

some may be recurrent or continuous for a few days.

Dizziness/vertigo is also a common cerebrovascular 

symptom.11–13 Dizziness or vertigo is often present in transient 

symptoms (lasting seconds to minutes or hours; usually 

,24 hours) and may occur in continuous repeated episodes, 

or persistent episodes, lasting more than a few days.

Dizziness and headache may develop alternately or 

together. This dual symptom reflects a disorder of the anterior 

circulation, alone or in combination with a posterior circu-

Table1 Definition of symptomatology

Term Definition

Transient ischemic 
attack (Tia)

Tia is a transient episode of neurological 
dysfunction caused by focal brain, spinal cord, or 
retinal ischemia without acute infarction1

Transient symptoms 
with li (Tsi)
 
Persistent symptoms 
with li (Psi)

Defined as focal or nonfocal cerebrovascular 
symptoms lasting less than 24 hours and patients 
with li on DWi or Flair 
PSI Defined as focal or nonfocal cerebrovascular 
symptoms lasting more than 24 hours and 
patients with li on DWi or Flair

White matter lesions

 
Vascular subsequent 
events (Vse)

Defined as bilateral, symmetrical, and diffuse 
hyperintensities, which were located in the 
subcortical and periventricular white matter with 
T2-weighted images and prone density images 
VSE defined as TIAs, transient nonfocal 
cerebrovascular symptoms or deterioration 
of cerebrovascular symptoms or recurrent 
infarction, and plus a modified Rankin scale 
(mrs) 2 scores during a follow-up

Abbreviations: DWI, diffusion-weighted images; FLAIR, fluid-attenuated inversion 
recovery; li, lacunar infarction.
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latory problem. In an outpatient setting, patients’ dizziness 

and headache were usually lasting minutes to hours (,24 

hours); but they may be recurrent and persist for several 

days or longer.

Vascular risk factors
Vascular risk factors were defined as follows: body mass 

index (BMI) measured at baseline was categorized as nor-

mal (BMI ,25 kg/m2), overweight (25–30 kg/m2), or obese 

(.30 kg/m2); current smoking (within the last 5 years); 

hypertension (earlier or present use of antihypertensive 

agents or a systolic blood pressure .140 mmHg and/or a 

diastolic blood pressure .90 mmHg, measured in a sitting 

position with least amount of antihypertensive medica-

tion); diabetes (fasting plasma glucose level 7.0 mmol/L, 

hemoglobin A1c concentration 6.5%, or random plasma 

glucose .11.1 mmol/L, associated with symptoms of hyper-

glycemia); hyperlipidemia (total venous plasma cholesterol 

level .6.0 mmol/L, low density lipoprotein fraction .3.0 

mmol/L, high density lipoprotein fraction ,1.0 mmol/L, 

triglyceride level .1.8 mmol/L); atrial fibrillation (present 

when seen on an electrocardiogram during the initial visit 

or when it was reported in medical records); and a history of 

coronary and peripheral artery disease.

Statistical analysis
All numeric variables were expressed as the mean ± SD or 

median (interquartile range). Fisher’s exact test was used to 

explore the relationship between baseline patient variables. 

Continuous variables were compared using the t-test. 

Bivariate logistic regression analyses for risk factors were 

used to calculate risk ratios (RRs), 95% confidence intervals 

(CIs), and probability values. Kaplan–Meier method and test 

were used to estimate the differences in survival between 

groups, and VSE by the log-rank test. Data were analyzed 

using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA), 

with level of significance set at P,0.05.

Results
All the 453 outpatients enrolled completed the study, and 

251 patients with symptomatic LI were diagnosed by brain 

MRI. Of the 251 (55.4%) LI patients, TSI was observed in up to 

77.3% (194/251) of the patients, and remaining 23.7% was PSI. 

There were no significant differences in the periodic duration 

of TSI group when compared with PSI group (median 20 vs 

7d, P.0.05). The incidence rate of symptomatic LI increased 

with age, and this was different among patients with TSI than 

those with PSI (P=0.000), with incidence peaking in the age 

group of 45–64 years for the TSI group, while the PSI group, 

the peak incidence occurs in the 65–75 years older population. 

However, unadjusted odds ratio for patients who were younger 

than 65 years of age and patients who were 65 years of age 

or older showed that only higher BMI (RR, 0.887; 95% CI, 

0.805–0.977; P=0.015) and shorter duration of hypertension 

(RR, 1.072; 95% CI, 1.015–1.133; P=0.012) were independent 

prediction factors for prevalence of TSI.

Demographics and baseline characteristics in patients with 

TSI and those with PSI were compared. The most common 

transient symptoms of TSI were isolated dizziness/vertigo 

(30.9%) and headache/migraine (28.4%). The most frequent 

persistent symptoms of PSI were headache with dizziness 

(35.1%) and isolated dizziness/vertigo (29.8%),whereas pure 

sensory stroke (13.1%), pure motor hemiparesis (4.0%), sen-

sorimotor syndrome (0.4%), ataxic hemiparesis (0.4%), and 

dysarthria-clumsy hand (0.4%) syndrome as well as cognitive 

impairment were not common. In univariate analysis, age, 

duration of hypertension, headache/migraine, pure motor 

hemiparesis, gait disorders, number of lesions on MRI, size 

of lacunae on MRI, lesions in the anterior circulation terri-

tory, lesions in the anterior and posterior circulation, white 

matter lesions, initial NIHSS score, ABCD2 score, mortality, 

and VSE were directly associated with TSI and PSI (Table 2). 

However, in a logistic regression model by forwards stepwise 

regression analyses, only age (RR, 1.1; 95% CI, 1.157 –1.189), 

initial NIHSS score (RR, 20.6; 95% CI, 6.705–13.31), size 

of lacunae on DWI or FLAIR imaging (RR, 2.9; 95% CI, 

1.960–4.245), and LI frequently in the anterior circulation 

territory (RR, 0.2; 95% CI, 0.079–0.721) were independently 

associated with TSI or PSI (Table 3).

During a 6-month follow-up, survival data were available 

for our patients with LI (only two cases were lost to follow-up). 

A total of 3.5% of patients with PSI due to the recurrent ath-

erosclerotic infarction died during follow-up. Survival rate 

was significantly higher among patients with TSI than among 

those with PSI (log rank, 6.9; P=0.010) (Figure 1).

The unadjusted incidence for VSE in the TSI was sig-

nificantly lower than in the PSI (30.9% vs 54.4%, P=0.000). 

The unadjusted RR for VSE in the TSI when compared 

with PSI was 10.9 (95% CI, 7.2–17.5; P=0.001) (Figure 2). 

Independent predictor identified from a logistic regression 

model by forwards stepwise regression analyses for VSE was 

only age (OR, 1.1; 95% CI, 1.064–1.126; P=0.000).

Discussion
The current status reported in this study for the incidence 

of symptomatic LI of 55.4%, and the incidence of TSI of 

77.3% (194/251) in Shuyang in Northern China, must be 

considered to be minimum figures. Atherosclerosis (small 
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vessel and large vessel sclerosis) was associated with 

increasing prevalence of lacunar infarcts,14–17 but it has 

been difficult to dissociate these risk factors.5,14,18 Similarly, 

in this study, these risk factors lead to acceleration of the 

atherosclerosis process of TSI and PSI. There was signifi-

cant difference only in age and duration of hypertension in 

both groups. The patients with TSI were younger than those 

with PSI. The unadjusted odds ratio for #64 years of age 

and 65 years of age suggest that both factors are important 

for TSI. The prevalence rates were of shorter duration of 

hypertension and increased BMI, which are commonly 

associated with TSI. In our analysis, the prevalence of TSI 

with incidence peaking at the age group of 45–64 years; 

this may be a common precipitant of TSI. This difference in 

ages should be due to variations in atherosclerotic burden. 

Furthermore, age differences in distribution and incidence 

of symptomatic LI have been confirmed by an earlier study.18 

Therefore, those with atherosclerotic burden, whether TSI or 

Table 2 The baseline characteristics in li patients with Tsi and Psi

Episodes All (n=251) TSI (n=194) PSI (n=57) P-value

risk factors

 Male sex (%) 125 (49.8) 92 (47.4) 33 (57.9) 0.164
 age (years, mean ± sD) 60.2±11.3 58±10.3 68±10.9 0.000

 BMi (kg/m2, mean ± sD) 24.0±3.2 24.1±3.3 23.4±2.5 0.290

 Duration of hypertension (years, mean ± sD) 3.1±5.0 2.7±4.4 4.4±6.6 0.020
 Diabetes mellitus (%) 20 (8.0) 14 (7.2) 6 (10.5) 0.417
 Dyslipidemia (%) 144 (57.4) 106 (54.6) 38 (66.7) 0.106
 Heart disease (%) 7 (3.0) 4 (2.1) 3 (5.3) 0.197
 Atrial fibrillation (%) 2 (0.8) 2 (1.0) 0 (0) 0.442
 current smoking (%) 62 (24.7) 46 (23.7) 16 (28.1) 0.502
 Heavy alcohol drinker (%) 61 (24.3) 51 (26.3) 10 (17.5) 0.176
symptoms features
 Periodic duration of episodes (days, range) 147 (0.1–2,879) 20 (0.2–2,880) 7 (0.1–1,080) 0.307
 Headache/migraine (%) 56 (22.3) 55 (28.4) 1 (1.8) 0.000
 Dizziness/vertigo (%) 77 (30.7) 60 (30.9) 17 (29.8) 0.874
 Headache and dizziness (%) 71 (28.3) 53 (27.3) 18 (31.6) 0.530
 Pure sensory stroke (%) 33 (13.1) 22 (11.3) 11 (19.3) 0.118
 Pure motor hemiparesis (%) 10 (4.0) 2 (1.0) 8 (14.0) 0.000
 sensorimotor syndrome (%) 1 (0.4) 0 (0) 1 (1.8) 0.065
 ataxic-hemiparesis (%) 1 (0.4) 1 (0.5) 0 (0) 0.587
 Dysarthria-clumsy hand (%) 1 (0.4) 1 (0.5) 0 (0) 0.587
 cognitive impairment (%) 1 (0.4) 0 (0) 1 (1.8) 0.065
Median number of lesions on Mri (range) 10.6 (1–109) 5.6(1–48) 13 (1–110) 0.000
Median size of lacular (mm, range) 5.0 (2–9) 4 (2–10) 7.5 (2–20) 0.000
 anterior circulation (%) 140 (55.8) 122 (62.9) 18 (31.6) 0.000
 Posterior circulation (%) 8 (3.2) 6 (3.1) 2 (3.5) 0.875
 anterior and posterior circulation (%) 113 (45.0) 66 (34.0) 37 (64.9) 0.000
White matter lesions (%) 12 (4.8) 6 (3.1) 8 (14.0) 0.002
initial median niHss score (range) 0.7 (0–6) 0.05(0–2) 1 (0–3) 0.000
initial aBcD2 score (mean ± sD) 5.0±1.2 4.8±1.1 6.0±1.0 0.000
Mortality (%) 2 (0.8) 0 (0) 2 (3.5) 0.009
Vascular subsequent event (%) 91 (36.3) 60 (30.9) 31 (54.4) 0.000

Note: scores range from 0 to 7, with higher scores indicating greater risk of stroke.
Abbreviations: BMi, body mass index; li, lacunar infarction; Mri, magnetic resonance imaging; niHss, national institutes of Health stroke scale; Psi, persistent symptoms 
with li; Tsi, transient symptoms with li; aBcD2, age, blood pressure, clinical features, duration of symptoms, and presence or absence of diabetes.

Table 3 Multivariate analysis of the association of the early predictors for li patients with Tsi and Psi

Episodes TSI (n=194) PSI (n=57) RR (95% CI) P-value

age (years, mean ± sD) 58±10.3 68±10.9 1.1 (1.157–1.189) 0.000
initial median niHss score (range) 0.05 (0–2) 1 (0–4) 20.6 (6.705–13.31) 0.000
Median size of lacunae on Mri (mm, range) 4 (2–10) 7.5 (2–20) 2.9 (1.960–4.245) 0.000
li in anterior circulation (%) 122 (62.9) 18 (31.6) 0.2 (0.079–0.721) 0.011

Abbreviations: CI, confidence interval; LI, lacunar infarction; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; PSI, persistent symptoms 
with li; rr, risk ratio; Tsi, transient symptoms with li.
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PSI, have been considered to be the pathological changes of 

cardiovascular and cerebrovascular, including small vessel 

disease, larger vascular stenosis or occlusion, or cardiogenic 

emboli.5,6,17,19

The TIA is at a higher risk of stroke,1 and almost 1/3 of 

TIA preceding a stroke.20,21 Similarly, most of the patients 

with transient nonlocal symptoms are also at a high risk of 

stroke.2 Previous studies indicated transient symptoms with 

abnormal lesion on DWI were called the “transient symp-

toms with infarction” (TSI).22 According to our outpatients 

setting observations, the current report showed that almost 

95% of TSI patients who confirmed by FLAIR or DWI were 

associated with the nonfocal and mixed transient symptoms. 

The finding suggests that those FLAIR or DWI abnor-

malities among nonfocal and mixed transient symptomatic 

patients can essentially be attributed to TSI. An earlier study 

has shown that dysarthria-clumsy hand and pure sensory 

stroke are the traditional lacunar syndromes with a better 

clinical course, being symptom-free at discharge in 45.7% 

and 41.5% of cases, respectively.23,24 In present study, those 

TSI patients with nonfocal symptoms may be more likely to 

have a benign or mild course. In fact, these frequent transient 

symptoms such as isolated dizziness/vertigo and headache/

migraine variants have not been classified as common atypi-

cal lacunar syndromes. Therefore, it is noted that the common 

symptoms of symptomatic LI in our neurologic outpatients 

should have some new variants.

An earlier study indicated that cognitive impairment 

should be considered as a common clinical feature in mul-

tiple LI and white matter lesions.25 Our study showed that 

white matter lesions and multiple lacunar infarct in PSI were 

higher than those for TSI, but cognitive impairment was rare. 

Recent study has shown that cognitive impairment usually 

occurred a year later of LI onset,26 and some of the earlier 

studies indicated that its mean time course may be 4 years 

later or longer.25,27 The median duration in our current patients 

was 147 days, and the median duration among PSI was only 

seven days. Thus, in our series, a rare cognitive impairment 

is understandable. Moreover, the time course in our patients 

supported that a longer time course may increase the likeli-

hood of developing cognitive impairment.

Estimated adjusted odds ratios found that middle age, 

lower NIHSS score, smaller lacunae on brain FLAIR, and 

lesions more frequently in the anterior circulation were sev-

eral factors independently associated with a higher risk of 

TSI. The findings showed that small vessel disease or carotid 

plaque may be the cause of TSI. This has been recognized in 

the earlier studies.14,16,17 In contrast, the same several factors, 

as older age, higher NIHSS score, larger lacunae, and lesions 

more frequently in the anterior circulation or spreading to 

the posterior circulation were independently associated with 

a higher risk of PSI, and perhaps involved a more severe 

burden of atherosclerosis.5,6

In our study, the survival rate was 100% in TSI patients, 

whereas, in PSI patients, the survival rate was only 96.5%, 

and the difference in two groups was significant. Moreover, 

the VSE in TSI group was significantly lower when com-

pared with the PSI group. These findings indicate that most 

of TSI is usually benign or runs a mild course, while those 

PSI patients may be more likely to have a frequent VSE and 

have a high-risk of vascular death. An earlier study consid-

ered that hypertension and diabetes were significant factors 
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related to recurrent LI.25 Currently this study showed that 

a long duration of hypertension may more likely relate to 

VSE. In fact, the frequency of VSE and worse outcomes 

have also been related to the intracranial artery stenosis or 

occlusion.5,6,28,29 In addition, the study showed that older 

patients with ischemic stroke were easy to follow with 

worse outcomes.18 This has also been confirmed by our cur-

rent study. Therefore, we believe that these findings may be 

important for symptomatic LI setting prevention and treat-

ment measures.

Some limitations of our study are conceded. Instances of 

unexpected stroke are often routed directly by an ambulance 

to the intensive care unit, especially when the conscious-

ness or motor function is involved (not uncommon).30,31 

This may account for a lower frequency of patients with 

PSI in our general neurologic outpatients. In addition, the 

absence of a repeated MRI or vascular imaging data for 

many outpatients may have an effect on the exploration of 

patients with VSE.

In conclusion, TSI and PSI are two forms of symptom-

atic LI, and the TSI in neurologic outpatients had a higher 

prevalence than in patients with PSI. Clinically, the common 

symptoms of symptomatic LI had new variants. TSI had a 

benign course, whereas the PSI patients were associated with 

a worse outcome. The implications of these findings for TSI 

and PSI may require different interventions.
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