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Abstract In order to characterize sleep and the cognitive

patterns in patients with acute minor thalamic infarction

(AMTI), we enrolled 27 patients with AMTI and 12 mat-

ched healthy individuals. Questionnaires about sleep and

cognition as well as polysomnography (PSG) were per-

formed on days 14 and 90 post-stroke. Compared to heal-

thy controls, in patients with AMTI, hyposomnia was more

prevalent; sleep architecture was disrupted as indicated by

decreased sleep efficiency, increased sleep latency, and

decreased non-rapid eye movement sleep stages 2 and 3;

more sleep-related breathing disorders occurred; and cog-

nitive functions were worse, especially memory. While

sleep apnea and long-delay memory recovered to a large

extent in the patients, other sleep and cognitive function

deficit often persisted. Patients with AMTI are at an

increased risk for hyposomnia, sleep structure disturbance,

sleep apnea, and memory deficits. Although these abnor-

malities improved over time, the slow and incomplete

improvement suggest that early management should be

considered in these patients.
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Introduction

Sleep disorders are a common complication in stroke

patients: 20%–40% of such patients present with a sleep-

wake disorder and 50%–70% present with a sleep-related

breathing disorder [1]. The ratio of subcortical stroke

patients who suffer attacks of sleep disturbance is greater

than that of cerebral infarction patients and cerebellar stroke

patients [2]. The more severe sleep disturbances threaten the

physical and psychological health of these patients. One

study has shown that excessive daytime sleepiness increases

the risk of cardiovascular mortality by 33% and the risk of

cancer by 23% in a population of elderly people [3].

The thalamus is an important transition nucleus and

plays a pivotal role in a number of neuronal activities.

Areas of the thalamus are considered to play a role in the

formation of new memories partly through their connec-

tions with the hippocampus, and partly because the thala-

mus is important for mental alertness [4]. Normal sleep

architecture and arousal also require an intact thalamus.

Thalamic injury, particularly in the paramedian region,

may cause arousal disturbances, hypersomnolence, and

cognitive injury [5–9]. However, the thalamic blood supply

is commonly divided into four minor vascular territories,

each supplying distinct nuclei: the tuberothalamic, infero-

lateral, paramedian, and posterior choroid vessels [10]. The

stroke syndromes stemming from one of these four vessels

are mild or none with nonspecific signs to individual nuclei

because focal lesions are minor and seldom confined within

nuclear boundaries.

Whether minor thalamic infarction leads to sleep and

cognitive abnormalities has not been investigated. There-

fore, in this study, we aimed to characterize the sleep pat-

terns and cognitive functions of patients with minor thalamic

infarction using full-night nocturnal polysomnography
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(PSG) and neuropsychological questionnaire evaluation

focusing on the following: (1) sleep and cognitive charac-

teristics of patients with minor thalamic infarction; and (2)

the long-term consequences of minor thalamic infarction.

We then conducted a case-control study to compare the

sleep and cognitive aspects in patients with minor thalamic

infarction and healthy volunteers.

Materials and Methods

Study Population

This was a prospective single-center pilot observational

study. Participants were recruited from the Neurology

Department of Tianjin Medical University General

Hospital from February 2012 to October 2014. The patients

were enrolled based on these criteria: (1) right or left minor

thalamic infarction diagnosed by magnetic resonance

imaging; (2)\ 14 days from symptom onset; (3) first

stroke; (4)[ 18 years of age. Exclusion criteria were

patients with: (1) language comprehension disorders

(MRI); (2) history of sleep disorder, serious head trauma,

or neuropsychiatric disease; or (3) dependence on psy-

choactive substances, such as alcohol; (4) intake of hyp-

notic or sedative drugs during the preceding 2 weeks.

Healthy controls were recruited to match the patients for

age, gender, education level, and body mass index (BMI).

None had a history of neurological and/or psychiatric dis-

ease or other significant medical conditions. Twenty-seven

patients with acute minor thalamic infarction (AMTI) and

12 matched healthy controls were enrolled. Informed

consent was given by all participants, and the study was

approved by the Tianjin Medical University General

Hospital Review Board and Ethics Committee.

Clinical assessments were performed upon patient

enrollment, then on days 14 and 90 after stroke in an

evaluator-blinded fashion (Fig. 1). The extent of neuro-

logic deficit was evaluated using the National Institutes of

Health Stroke Scale (NIHSS). A detailed medical history

and cardiovascular risk factors were assessed and recorded.

Polysomnography (PSG) Examination

All PSG sessions was monitored by a trained technician,

who scored the results visually according to standardized

criteria [11]. PSG examination was performed on days 14

and 90 from the onset of symptoms. The following

parameters were recorded and systematically evaluated: (1)

total in-bed time (TIB); (2) total sleep time (TST); (3) sleep

efficiency (SE, the TST/TIB ratio, expressed as a per-

centage); (4) sleep onset latency (SL, the time to sleep

onset); (5) wake after sleep onset (WASO, the number of

minutes of wakefulness after the onset of persistent sleep to

the end of the PSG recording); (6) arousal index; (7) non-

rapid eye movement (non-REM) sleep stages 1, 2, and 3

and REM sleep stage (N1, N2, N3, and REM); (8) sleep

respiratory disturbance index (RDI); (9) periodic leg

movements per hour of sleep (PLMI); and (10) nadir SpO2.

These parameters were analyzed by a specialist in a blinded

fashion before comparisons were made between groups.

The International Classification of Sleep Disorders-2 was

used to diagnose and classify sleep abnormalities [12].

Sleep and Cognitive Assessment

The Pittsburgh Sleep Quality Index (PSQI) was included to

measure nocturnal sleep patterns and identify related

complaints during the month. The PSQI provides a global

score of sleep on a scale from 1 to 21, with higher scores

indicating more sleep complaints. Excessive daytime

sleepiness was registered using the Epworth sleepiness

scale (ESS), which measures the predisposition to sleeping

or dozing in eight specific situations. An ESS score[ 10 is

regarded as an indicator of excessive sleepiness.

The Chinese versions of the mini mental state exami-

nation (MMSE) [13] and the Montreal cognitive assess-

ment (MoCA) [14] were used to evaluate global cognitive

performance. The auditory verbal learning test (AVLT)

was used to test auditory or verbal episodic memory.

According to the previous study, the AVLT short-delay

recall (5 min) and long-delayed free recall (20 min after

with a full score of 12) were measured to assess memory

[15]. All the questionnaires used were validated.

Statistical Analysis

SPSS for Windows version 17.0 (SPSS, Inc., Chicago, IL)

was used for analyses. Two-sample t tests (for normal

continuous data) and v2 tests (for dichotomized data) were

used to compare baseline characteristics between patients

with AMTI and healthy controls. Questionnaire scores and

PSG parameters of interest (TST, SL, SE, WASO, N1%,

N2%, N3%, REM%, and SpO2) were tested by two-sample

t tests or the Mann-Whitney test (arousal index, RDI and

PLMI, MMSE, MoCA, and AVLT). Statistical significance

was defined as P\ 0.05.

Results

Baseline Data for the Patients with Acute Minor

Thalamic Infarction

The baseline characteristics of patients with AMTI and

matched healthy controls are shown in Table 1. Twenty-two
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male and 5 female patients with a mean age of 61.6 years

(range, 32 to 79 years) were prospectively included. Among

those with AMTI, MRI analyses showed that 15 had lesions

on the right and 12 on the left. All patients had an NIHSS

score of 0 and no patients had evident disability at the time

of enrollment. The most common focal neurological findings

were short-lasting sensory deficits of the arms with or

without sensory deficits of the legs.

The 27 patients underwent PSG and cognitive evaluation

at 14 days and only 6 patients completed the follow-up

evaluation at 90 days. No significant differences with regard

to age, gender, BMI, and education were noted between the

patients with AMTI and healthy controls (Table 1).

Decreased Sleep Quality in Patients with Acute

Minor Thalamic Infarction

Hyposomnia was more pronounced in patients within the

first 14 days, and this was accompanied by decreased self-

estimated sleepiness at night and increased day-time

sleepiness. Compared to healthy controls, the patients had

significantly decreased levels of SE, TST decreased by

42 min, and the SL was 14 min longer according to PSG

assessment on day 14 after the stroke (Table 2). Sleep

quality and hyposomnia slightly improved within 90 days

of the stroke (Fig. 2A) but they were still worse than in

healthy controls (Table 2).

Fig. 1 Representative MRs of patients with acute right or left minor thalamic infarction (A) and flow-chart for this study (B).
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Disturbed Sleep Structure in Patients with Acute

Minor Thalamic Stroke

Compared with healthy controls at 14 days, patients with

AMTI had a 7% decrease in N2 sleep, a 4% decrease in N3

sleep, and N1 sleep lengthened by 13% (Table 2). The

duration of REM sleep and arousal index were similar in

the two groups at 14 days. In the total group of patients,

sleep structure disturbance mildly improved from the acute

phase to 90 days later (Fig. 2B), but was still worse than in

healthy controls (Table 2).

Prevalence of Periodic Leg Movements (PLMs)

in Patients with Acute Minor Thalamic Infarction

The PLMI in patients at 14 days was higher than in their

healthy counterparts but the difference was not statistically

significant due to the wide variability (Table 2). As

Table 1 Clinical

characteristics.
Healthy controls (n = 12) Minor thalamic infarction (n = 27) P

Age (years) 61.9 ± 2.9 61.4 ± 2.5 0.8975

Female, number (%) 5 (41.6) 8 (29.6) 0.4859

Education (years) 11.0 ± 0.3 12.0 ± 0.3 0.1490

BMI (kg/m2) 24.1 ± 0.8 25.0 ± 0.6 0.9132

Smoking, number (%) 0 (0) 12 (44.4) 0.0068

Drinking, number (%) 0 (0) 11 (40.7) 0.0087

Hypertension, number (%) 1 (8.3) 17 (63.0) 0.0019

Diabetes, number (%) 1 (8.3) 11 (40.7) 0.0632

Hyperlipidemia, number (%) 0 (0) 10 (37.0) 0.0172

Plus-minus values are means ± SEM.

BMI, body mass index; hypertension, systolic pressure C 140 mmHg and/or diastolic pres-

sure C 90 mmHg; diabetes, fasting blood-glucose C 7.0 mmol/L and/or oral glucose tolerance test 2 h

blood glucose C 11.1 mmol/L; hyperlipidemia, total cholesterol[ 5.72 mmol/L and/ or triglyc-

eride[ 1.70 mmol/L.

Table 2 Sleep characteristics at days 14 and 90 after minor thalamic infarction.

Healthy controls

(n = 12)

14 days post-stroke

(n = 27)

90 days post-stroke

(n = 6)

P (14 days vs healthy

controls)

P (90 days vs healthy

controls)

TST (min) 424.8 ± 17.4 382.1 ± 14.7 378.8 ± 15.2 0.0959 0.1345

SL (min) 9.2 ± 1.9 23.1 ± 4.7 22.5 ± 6.9 0.0336 0.0427

SE (%) 88.7 ± 1.9 78.8 ± 2.6 83.2 ± 2.7 0.0202 0.0459

WASO 21.1 ± 2.4 21.4 ± 2.6 20.3 ± 2.5 0.9482 0.8336

N1 (%) 12.3 ± 1.6 25.5 ± 2.4 23.3 ± 3.1 \0.0001 0.0002

N2 (%) 61.1 ± 1.9 54.1 ± 1.6 59.3 ± 3.2 \0.0001 0.0423

N3 (%) 10.6 ± 1.9 6.3 ± 1.0 4.2 ± 2.0 0.0332 0.0297

REM (%) 16.0 ± 1.5 13.7 ± 1.1 13.1 ± 2.1 0.2261 0.3761

Arousal index 15.6 ± 1.6 12.9 ± 1.2 14.9 ± 2.3 0.2034 0.5321

RDI 4.3 ± 3.0 12.0 ± 2.9 4.0 ± 1.6 0.0453 0.5261

RDI[ 5, number

(%)

1 (8.3) 16 (59.2) 3 (50.0) 0.0045 0.0833

nadir SpO2 (%) 89.6 ± 1.1 86.8 ± 1.1 86.7 ± 1.2 0.1614 0.2456

PLMI 2.2 ± 0.9 13.7 ± 5.1 10.0 ± 4.2 0.1678 0.3145

PLMI[ 5,

number (%)

3 (25) 11 (40.7) 3 (50.0) 0.0824 0.3441

PSQI 1.8 ± 0.8 6.6 ± 0.6 5.1 ± 1.1 \0.0001 \0.0001

ESS 5.3 ± 0.9 8.0 ± 1.1 8.2 ± 2.0 \0.0001 \0.0001

Plus-minus values are mean ± SEM.

TST, total sleep time; SE, sleep efficiency; SL, latency to sleep onset; WASO, wake time after sleep onset; RDI, respiratory disturbance index;

nadir SpO2, minimal oxy-hemoglobin saturation; PLMI, periodic leg movement index; REM, rapid eye movement; ESS, Epworth sleepiness

scale; PSQI, Pittsburgh sleep quality index.
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evaluated by PSG, a value[ 5 was used to diagnose PLM,

and with that criterion, this increased PLMI was found in

11 of 27 patients as well as in 3 of 12 healthy controls.

There was no significant change in the PLMI from days 14

to 90 day after stroke (Fig. 2C).

Disordered Breathing During Sleep in Patients

with Acute Minor Thalamic Stroke

Sixteen of 27 (59.2%) patients with thalamic infarction had

a respiratory disturbance-hypopnea index[ 5 at 14 days

post-stroke. Among them, 4 had severe sleep apnea

(15[RDI[ 5); 4 had moderate sleep apnea

(30[RDI[ 15), and 4 had severe sleep apnea

(RDI[ 30). The rate and level of disordered breathing

during sleep in the patient group exceeded those in healthy

controls (Table 2). The nadir SpO2 in these patients was

slightly lower than in controls but the difference was sta-

tistically insignificant. Most sleep-related breathing

parameters such as the number of apneas and hypopneas,

including obstructive central and mixed apneas, decreased

significantly at day 90 (Fig. 2C) and approached that of

healthy controls (Table 2). Despite this improvement, 50%

of patients still had an RDI[ 5 at 90 days after the stroke.

Cognitive Deficits in Patient with Acute Minor

Thalamic Stroke

MMSE and MoCA scores were significantly lower in

patients with AMTI than in healthy controls at 14 days

post-stroke. Among the impaired cognitive functions,

short-delay and long-delay memory were especially pro-

foundly decreased (Table 3). And, sleep abnormalities (N1,

N2, N3, and RDI) were associated with cognitive dys-

functions (MMSE, MoCA, short-delay memory, long-delay

memory) at day 14, which suggested that AMTI induces

sleep and cognitive dysfunctions at the same time

(Table 4). Only long-delay memory significantly increased

Fig. 2 Sleep (A–C) and cognition (D) characteristics on days 14 and 90 after stroke. A Sleep quality. B Sleep structure. C Sleep disordered

breathing and periodic leg movements. D Cognitive function. *P\ 0.05.
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and approached that of healthy controls, while the other

cognitive deficits still lingered 90 days later (Fig. 2D;

Table 3).

Discussion

Our results offer a comprehensive analysis of sleep and

cognitive disturbances after AMTI. Analysis of all relevant

tests revealed the following five novel results: (1) hypo-

somnia was more pronounced in these patients, as indicated

by PSQI and ESS analysis; (2) sleep architecture was

disrupted in these patients, as indicated by decreased TST

and SE, increased SL, and decreased N3 and N2; (3) during

the acute phase after the stroke, these patients had signif-

icantly more episodes of sleep-related breathing disorders

than healthy controls; (4) the patients had worse cognitive

function, especially memory function, than healthy con-

trols; and (5) while sleep apnea and long-delay memory

recovered to a large extent in the patients, other deficits in

sleep and cognitive function persisted.

In this study, patients were included consecutively. As a

typical university Department of Neurology diag-

noses *10 minor thalamic strokes each year, patients in

this study were collected over[2 years. During this time,

we systematically investigated the neurological, cognitive,

and sleep–wake deficits wherever possible in a routine

clinical setting. We are therefore confident that our data set

is representative of this stroke syndrome. However, in our

study, not all patients received both kinds of investigation

(i.e., cognitive function and sleep assessment), which was

impossible for logistical reasons related to patient care. We

compensated for this lack of a uniform patient cohort by

sampling high patient numbers in both data subsets pro-

viding the statistical power necessary to draw possible

conclusions on the recovery of cognitive and sleep deficits.

Hyposomnia was more pronounced in patients with

AMTI and there was mild improvement within 3 months

post-stroke. Sleep architecture was also worse and did not

show any improvement over time. In fact, increases of

stage 1 sleep as well as decreases of stages 2 and 3 in the

patients, which was independent of the hemisphere affected

Table 3 Cognition at days 14 and 90 after minor thalamic infarction.

Healthy controls

(n = 12)

14 days post-stroke

(n = 27)

90 days post-stroke

(n = 6)

P (14 days vs healthy

controls)

P (90 days vs healthy

controls)

MMSE 29.3 ± 0.2 22.5 ± 1.1 25.5 ± 2.0 \0.0001 0.0461

MoCA 28.3 ± 0.3 18.2 ± 1.1 22.8 ± 2.5 \0.0001 0.0231

AVLT

Short-delay

memory

7.2 ± 0.8 4.6 ± 0.7 6.0 ± 1.6 0.0203 0.0493

Long-delay

memory

9.1 ± 0.7 4.8 ± 0.7 7.5 ± 2.0 0.0037 0.2127

Recognition 12.9 ± 0.6 11.3 ± 0.8 12.3 ± 0.9 0.8792 0.9653

Plus-minus values are mean ± SEM.

MMSE, mini-mental state examination; MoCA, Montreal cognitive assessment; AVLT, Auditory verbal learning test.

Table 4 Correlation between

sleep and cognitive

dysfunctions at day 14

(Spearman r).

MMSE MoCA Short-delay memory Long-delay memory

SL (min) -0.1330 -0.1538 -0.0602 -0.0602

SE (%) 0.2789 0.2015 0.2150 0.0847

N1 (%) -0.3429 -0.5768** -0.3261 -0.3940*

N2 (%) 0.4195* 0.5291** 0.3380 0.1489

N3 (%) 0.3488 0.4161* 0.3095 0.3487

RDI -0.4555* -0.4393* -0.4636* -0.5001**

PSQI -0.1392 -0.0763 -0.2559 -0.4141

ESS -0.2172 -0.1037 -0.1989 -0.1989*

SE, sleep efficiency; SL, latency to sleep onset; RDI, respiratory disturbance index; ESS, Epworth

sleepiness scale; PSQI, Pittsburgh sleep quality index; MMSE, mini-mental state examination; MoCA,

Montreal cognitive assessment; AVLT, auditory verbal learning test.

* P\ 0.05; ** P\ 0.01.
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by the stroke, remained abnormal, representing a ‘‘sleep

EEG signature’’ of thalamic infarcts. Our data are in line

with previous observations in which these persistent dis-

turbances in sleep patterns have been reported [16]. In

addition, during the acute phase, our patients had signifi-

cantly more episodes of sleep-related breathing disorder,

both central and obstructive, than healthy controls. This

difference largely disappeared in the chronic phase, mainly

in the form of a marked decrease of hypopneas. Even so,

more patients with thalamic infarction (50%) remained at

pathological levels (RDI[ 5) 3 months after the stroke

compared with healthy controls (8%), in agreement with

previous studies [17–21]. Together with our results, this

suggests that monitoring of sleep-related breathing might

also be considered in the chronic phase to identify patients

with significant sleep-related breathing disorders.

Compared with the healthy group, all neuropsycholog-

ical test scores (MMSE, MoCA, and AVLT) were worse in

the patient group, short- and long-delay memory problems

being more evident, suggesting that thalamic lesions result

in a general decrease in cognitive function and memory.

Both the dorsomedial and the anterior nuclei of the thala-

mus are involved in memory function [22] and Papez cir-

cuit disruption by thalamic damage also causes memory

and emotional impairment [23], which may provide an

anatomical explanation for the results that the memory

deficit was more prominent and recovered little in patients

with minor thalamic stroke in our study.

Our study has some limitations which have to be taken

into consideration. For one, the sample size was relatively

small, resulting in low statistical power for detecting sig-

nificant differences between groups. Since the number of

participants in this study was not sufficient to allow mul-

tivariate analyses to produce more accurate and general

conclusions, more careful evaluation in a large number of

participants will be required in future. Another limitation is

the low stroke severity in our sample, but these may be

features specific for minor thalamic stroke. A further caveat

concerns the PSG recordings: sleep was initially recorded

in the Stroke Unit during the acute phase and subsequently

in the Sleep Laboratory 3 months later. The possibility,

therefore, remains that the change in testing location con-

tributed to the sleep characteristics that we recorded. Brain

rhythm abnormalities also should be monitored during

wakefulness in the future, as there is a report that thalamic

lesions are sometimes associated with a pathologic delta

rhythm in overlying cortical areas during wakefulness [24].

In summary, we found that patients with minor thalamic

lesions are at increased risk for sleep disturbance, sleep-

related breathing disorders, and memory deficits which are

frequent in this group. Although the sleep disturbance,

sleep-related breathing disorders, and memory improved

over time, the slow and incomplete improvement and the

poor recovery of patients with minor thalamic infarction

suggest that early treatment interventions should be con-

sidered for these patients.
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