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Introduction
Spontaneous eye blinking is a synchronous, bilateral, short-

term closure of the eyelids [1] and can be quantified in terms of 
blink rate, i.e. the number of blinks per minute [2]. While the 
cerebral circuits underlying spontaneous blinking have not yet 
been identified, it is thought that the trigeminal-facial complex 
may represent the main generator of this phenomenon [3] and that 
central dopaminergic tone exerts a key influence on this circuit 
[4]. A number of studies in healthy subjects have demonstrated 
that blink rate changes according to behavioral tasks (e.g. reading, 
writing, speaking), hence suggesting that it may be modulated by 
an interplay of several cortical regions (i.e. a “spontaneous blinking 
network”) [5]. Blink rate and its task-induced modulation therefore 
represent a simple and reliable biomarker of the activity of several 
brain areas and/or connections. Indeed, previous studies have 
demonstrated changes in these markers in different neurological  

 
neurodegenerative conditions, such as Parkinson’s disease [6], PSP 
[7] and blepharospasm [8,9].

Stroke is a major worldwide source of disability. The high risk 
of death as well as long-term disability lead to a significant physical, 
psychological and financial burden for patients as well as for 
caregivers [10]. Recent neuroimaging studies have demonstrated 
that loss of function after stroke is associated with abnormal 
connectivity in a large number of integrative networks beyond 
lesion territory [11]. Investigating blink rate patterns in patients 
with acute stroke may, therefore, provide new information about 
residual brain functionality and possibly provide markers which 
can be predictive of functional recovery. 

The aim of this pilot cross-sectional study was to investigate 
the possible modulation of blink rate in patients affected by acute 
cerebrovascular events as well as in control subjects matched for 
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age and sex during the execution of specific tasks such as writing, 
reading and speaking. 

Methods
Subjects

We enrolled 20 consecutive patients with acute stroke (mean 
age±standard deviation: 66.5±10.4; males: 14) and 15 sex- and 
age-matched (mean age±standard deviation: 64.3±10.4; males: 
9) healthy subjects as controls. All patients were recruited at 
the Department of Clinical Neurosciences, Section of Neurology, 
Neurological Centre of Latium-Neuromed, Rome. Information about 
clinical characteristics, disease course and family history were 
gathered through a face-to-face interview with expert neurologists 
and neuropsychologists. All patients were studied within 24 hours 
after acute stroke. Stroke severity was quantified using the NIH 
Stroke Scale/Score (NIHSS). We excluded subjects with a history of 
exposure to dopamine receptor blocking agents within 6 months 
prior to enrolment, as well as patients with previous and current 
ophthalmological disorders or who used contact lenses. Patients 
with significant cognitive disturbances (as defined by achieving a 
score lower than 26 in the Montreal Cognitive Assessment [MoCA]) 
were also excluded. The experimental procedure was approved by 
the institutional review boards and was conducted in accordance 

with the Declaration of Helsinki. Written informed consent was 
obtained from every participant.

Clinical assessment

Participants were videotaped. We measured the blink rate 
during 4 different conditions: 

1. At rest

2. While writing a sentence on paper

3. During a conversation based on a simple topic (speaking 
task) that did not imply any emotional impact or memory recall

4. While reading aloud. Task order was randomized between 
patients

Each video recording lasted 60 seconds, with an interval of 10 
seconds between each of the 4 recordings. All video recordings 
were performed in a noiseless room with artificial light. The camera 
was directly facing the patients at a distance of 2 meters. Two 
independent stroke specialists (PLV, AN) reviewed the videotapes 
and measured the number of blinks in each recording. During 
video recording evaluation, spontaneous blinking was measured by 
calculating the blink rate and was expressed as number of blinks 
per minute. Demographic and clinical data of patients with acute 
stroke are reported in Table 1.

Table 1: Demographic and clinical data of patients with acute stroke. MoCA: Montreal Cognitive Assessment. NIHSS: NIH Stroke Scale/Score.

Patient Age Gender (M:1; F: 0) MoCA score NIHSS score Cerebral emisphere 
(right:1; left: 0) Stroke location

1 69 1 30/30 4 1 Temporo-occipital white matter

2 72 1 29/30 3 1 Thalamus

3 64 1 27/30 1 0 Thalamus

4 57 0 28/30 3 0 Fronto-parietal cortex

5 75 1 30/30 1 0 Internal capsule posterior limb

6 58 1 30/30 6 0 Capsular-lenticular region

7 84 0 26/30 2 1 Capsular-lenticular region

8 46 0 30/30 1 1 Hippocampus

9 82 1 30/30 6 0 Corona radiata

10 81 1 27/30 2 0 Centrum semiovale

11 72 1 29/30 1 0 Corona radiata

12 64 0 30/30 1 1 Frontal white matter

13 70 0 28/30 0 1 Periventricular region

14 60 1 30/30 3 0 Fronto-parietal cortex

15 70 1 28/30 3 1 Periventricular/Internal capsule

16 60 1 30/30 1 1 Corona radiata

17 45 1 30/30 1 1 Hippocampus

18 64 1 28/30 2 1 Internal capsule posterior limb

19 69 0 26/30 5 1 Corona radiata

20 69 1 30/30 3 0 Periventricular/Corona radiata

Radiological assessment

A conventional MRI study was performed. MR images were 
acquired with a 1.5T magnet (GE-Excite). All patients were 
investigated during a single session with the following sequences 
and parameters T2 fast spin-echo (TR: 2150ms, TE: 120ms; matrix: 

256×256; thickness: 5mm; 22 axial slices); T2 gradient-echo (TR: 
520ms, TE: 15ms; FA: 10; matrix: 256×192; thickness: 5mm; 22 
axial slices); T2 fast spin-echo (TR: 4000ms, TE: 98ms; matrix: 
384×192; thickness: 5mm; 24 coronal slices); T1 spin-echo (TR: 
550ms, TE: 9ms; matrix: 320×256; thickness: 5mm; 22 axial slices); 
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T1 spin-echo (TR: 460ms, TE: 9ms; matrix: 320×192; thickness: 
5mm; 24 sagittal slices); T2 fluid attenuated inversion recovery 
(TR: 8000ms, TE: 82ms; TI: 2000ms; matrix: 320×192; thickness: 
5mm; 22 axial slices); Diffusion epi (TR: 6000ms, TE: 75ms; 
matrix: 96×96; thickness: 5mm; 24 axial slices; b=0 and 1000sec/
mm2); TOF 3D time of flight (TR: 23ms, TE: 2.8ms; FA: 20; matrix: 
320×224; thickness: 1mm; 168 axial slices).

Maps of apparent diffusion coefficient (ADC) were generated 
from the diffusion-weighted acquisitions. We enrolled all 
patients showed an hyperintensity in diffusion weighted maps, 
corresponding to with reduced values of the apparent diffusion 
coefficient.

Lesions size was measured on DWI axial sequences (maximum 
size: 1.7cm).

Statistical analysis 

Statistical analysis was performed using the SPSS software (v. 
24.0). To evaluate blink rate at rest we used a between-group one-
way ANOVA with GROUP (patients vs controls) as the main factor. 
To evaluate any changes in the blink rate during the execution of 

the cognitive task, we performed a two-way, repeated measures 
ANOVA with within-factor GROUP (two levels: patients vs HS) and 
between-factor TASK (three levels: writing, reading and speaking), 
which also included a GROUPxTASK interaction term. Whenever 
a significant factor effect was detected, pairwise comparisons 
were conducted and corrected for multiple comparisons using 
Bonferroni’s technique. A p value<0.05 (corrected) was considered 
statistically significant. Spearman’s correlation coefficient was 
used to investigate possible correlations between either blink 
rate at rest or blink rate modulation and demographic and clinical 
variables, including age, gender, NIHSS score, MoCA score, body 
side involved). 

Results
Blink rate at rest in patients with stroke and healthy controls. 

The blink rate at rest was 21.3±13.5 (mean±SD) in patients with 
acute stroke and in 10.6±5.8 (mean±SD) healthy controls (Figure 1). 
The between-group one-way ANOVA showed that spontaneous BR 
at rest was significantly higher in patients with stroke as compared 
to healthy controls (F=6.62; p=0.01) (Figure 1).

Figure 1: Blink rate at rest in patients with acute stroke and healthy controls.

Figure 2: Blink rate percentage changes during writing, speaking and reading in patients with acute stroke and healthy controls.
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Changes in blink rate during speaking, reading and writing: 
patients with stroke vs healthy controls:

The between group repeated measures ANOVA investigating the 
changes of BR during tasks in patients and healthy controls showed 
a significant effect of the factor GROUP (F=5.27; p=0.02) as well 
as of the factor TASK (F=42.2; p=0.0001) and of the GROUPxTASK 
interaction (p=0.04) (Figure 2). In detail, writing and reading both 
induced a significant reduction of blink rate when compared with 
blink rate at rest, and post hoc analysis revealed that blink rate was 
more reduced during writing (p=0.003) and reading (P=0.003) in 
patients than in controls. Speaking induced a similar increase of 
blink rate in both groups (p=0.06) (Figure 2). 

No correlations between blink rate and demographic/clinical 
variables were found. 

Discussion
Our findings showed that blink rate at rest was significantly 

higher in patients with stroke (examined within 24 hours after 
the ischemic event) than in healthy controls. Also, in both groups 
blink rate was significantly lower during writing and reading in 
comparison with blink rate at rest. Patients with stroke, however, 
showed a more pronounced reduction of the blink rate during 
writing and reading when compared with healthy controls. 
Conversely, speaking induced a similar increase of the blink rate 
in comparison with blink rate at rest in the two groups. Given that 
the video recording was performed in a comfortable environment 
with controlled light intensity, we assumed that environmental 
conditions did not affect spontaneous blinking. Also, task order 
randomization ensured that different levels of attention did not 
systematically influence our findings. Given that cortical dopamine 
levels may alter the blink rate, we excluded any subject treated with 
dopaminergic agonists and blockers. 

To our knowledge, only one previous study investigated 
spontaneous blinking in patients with acute stroke [12], where the 
authors found no overall difference in BR across the whole stroke 
population (although differences were found in subjects with 
frontal infarcts). However, blink rate was examined during a free 
conversation on trivial subjects requiring no emotional or cognitive 
effort as well as during mental arithmetic. Therefore, the present 
study provides the first evaluation of the blink rate at rest in 
patients with acute stroke. Furthermore, we only included subjects 
who had an acute stroke in the previous 24 hours while Anagnostou 
et al. [12] included patients within 2 days after symptom onset. It 
is therefore possible that in patients with stroke blink rate that 
tends to normalize in the early phase of post-stroke course after a 
transient change. Give that a longitudinal assessment was lacking 
in both studies it is, however, not possible to establish to exact 
duration of the increase of blink rate after acute stroke.

Although the brain circuitry underlying spontaneous blinking 
is still not fully understood, evidence in animal models suggests 
that trigeminal-facial complex, under the influence of dopaminergic 
descending pathways, plays a key role [3,13]. None of our patients 

had brainstem lesions. It is, therefore, likely that the higher 
spontaneous blinking of patients with stroke may depend on a 
diaschisis of descending pathways due to acute stroke. Our findings 
need to be confirmed in a future study involving a larger population 
of patients with stroke. 

A further finding of our study was that patients with stroke 
had a more pronounced reduction of blink rate during writing and 
reading than healthy controls, while speaking induced a similar 
increase of blink rate in patients with stroke and healthy controls. 
Previous MRI studies have shown that in healthy subjects several 
cerebral areas are activated during writing [14, 15] and reading [16] 
suggesting that a complex brain network underlies these behavioral 
tasks. For instance, the blink rate reduction induced by writing and 
reading is thought to depend on occipital inhibitory projections 
that exert a direct and indirect modulation on the trigemino-facial 
circuits in the brainstem [17]. The excessive reduction of blink rate 
during writing and reading observed in patients with stroke in 
comparison to healthy controls may depend either on brain early 
compensatory mechanisms in response to the acute damage or on 
a stroke-induced instability of cortical networks. 

Overall, our exploratory cross-sectional study showed that the 
different behavioral patterns of spontaneous blinking are abnormal 
in the early phase of post-stroke course. Our purpose is to extend 
the present findings by performing a longitudinal controlled 
clinical-radiological study in a larger population of patients 
affected by acute stroke. This design will allow to clarify whether 
spontaneous blinking may represent a predictor of the residual 
functionality of the integrative circuits in patients with acute stroke 
and to establish the relationship between infarct locations and 
spontaneous blinking abnormalities.
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