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Abstract

BACKGROUND

Functional near-infrared spectroscopy (fNIRS) is commonly used to study human
brain function by measuring the hemodynamic signals originating from cortical
activation and provides a new noninvasive detection method for identifying
dementia.

AIM
To investigate the fNIRS imaging technique and its clinical application in differ-
ential diagnosis of subtype dementias including frontotemporal lobe dementia,

Lewy body dementia, Parkinson’s disease dementia (PDD) and Alzheimer’s
disease (AD).

METHODS

Four patients with different types of dementia were examined with fNIRS during
two tasks and a resting state. We adopted the verbal fluency task, working
memory task and resting state task. Each patient was compared on the same task.
We conducted and analyzed the f{NIRS data using a general linear model and
Pearson’s correlation analysis.

RESULTS

Compared with other types of dementias, {NIRS showed the left frontotemporal
and prefrontal lobes to be poorly activated during the verbal fluency task in
frontotemporal dementia. In Lewy body dementia, severe asymmetry of
prefrontal lobes appeared during both verbal fluency and working memory tasks,
and the patient had low functional connectivity during a resting state. In PDD, the
patient’s prefrontal cortex showed lower excitability than the temporal lobe
during the verbal fluency task, while the prefrontal cortex showed higher
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excitability during the working memory task. The patient with AD showed poor prefrontal and
temporal activation during the working memory task, and more activation of frontopolar instead
of the dorsolateral prefrontal cortex.

CONCLUSION

Different hemodynamic characteristics of four types of dementia (as seen by f{NIRS imaging)
provides evidence that fNIRS can serve as a potential tool for the diagnosis between dementia
subtypes.

Key Words: Functional near-infrared spectroscopy; Frontotemporal lobe dementia; Lewy body dementia;
Parkinson’s disease dementia; Alzheimer’s disease

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Four types of dementia showed different patterns of activation when examined by functional
near-infrared spectroscopy (fNIRS) during two tasks and a resting state. The patient with frontotemporal
dementia showed the lowest activation during the verbal fluency task and the patient with Alzheimer’s
disease showed the lowest activation during the working memory task. During the resting state, functional
connectivity was poor in the patients with Lewy bodies dementia and Parkinson’s disease dementia.
fNIRS imaging in dementia patients may be able to differentiate between types of dementia, and may be
useful in diagnosis for these patients.
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INTRODUCTION

Dementia is a disease commonly studied in psychiatry and neurology. Clinical diagnosis is based on
symptoms and is supplemented by neuropsychological scales and laboratory examinations. Brain
imaging technology is an important tool for exploring brain diseases, and has undergone a period of
rapid development in the past 20 years. To improve the accuracy of diagnosis between types of
dementia, different technologies have been developed, including computed tomography (CT), positron
emission tomography (PET) and magnetic resonance imaging (MRI) to examine brain structure, electro-
encephalography (EEG) to examine electrical physiology[1]. In addition to functional MRI (fMRI), EEG,
and event-related potentials, functional near-infrared spectroscopy (fNIRS) to examine functional
connectivity between regions has become an important supplement to existing functional imaging
technologies[2,3].

fNIRS imaging evaluates human brain activity by measuring the oxygen level in the prefrontal and
temporal cortices[4]. While participants perform different tasks, the {NIRS system provides continuous
and real-time oxygen change display of oxy-hemoglobin (oxy-Hb) and deoxygenated hemoglobin
values[5]. In aspects of specificity and temporal resolution, fNIRS assessment of cognitive function
eliminates many shortcomings of fMRI[6]. While PET and MRI studies have generated insights into the
pathological changes in brain oxygenation and activity associated with mild cognitive impairment
(MCI) and dementia, these methods have some limitations involving the injection of radioactive
compounds and motion artifacts[7].

fNIRS imaging systems possess high temporal and spatial resolutions, which are critical to withstand
interference (both electromagnetic and from head motion). The temporal resolutions of fNIRS (11 Hz in
this study) and EEG are in the order of seconds and milliseconds, respectively. The spatial resolution of
fNIRS (3 cm in this study) was higher than that of EEG[8,9]. Because EEG recording is a surface
potential change of skull, the accuracy of spatial localization is not high. {NIRS probe acquires the
cortical activity directly and has a centimeter level of resolution[10]. {NIRS is used to monitor
hemodynamic changes evoked by neural activity by taking advantage of the fact that biological tissues
are relatively transparent to near-infrared light 700-1000 nm[11]. Recent studies on fNIRS detection of
dementia focused on MCI and Alzheimer’s disease (AD)[12,13]. It was shown that resting-state fNIRS
recordings from prefrontal regions can provide a potential methodology for detecting MCI and its
progression[14]. The sensitivity and specificity increase as the cognitive impairment worsens[15].

WJP | https://www.wjgnet.com 205 May 19,2023 | Volume13 | Issue5 |


https://www.wjgnet.com/2220-3206/full/v13/i5/203.htm
https://dx.doi.org/10.5498/wjp.v13.i5.203

Jaishideng®

Mei X et al. fNIRS in dementia diagnosis

Amnestic MCI is more predictive of AD than nonamnestic MCI, and nonamnestic MCI is more
predictive of other types of dementia including Lewy bodies dementia (LBD) and frontotemporal
dementia (FTD)[16,17]. To measure cortical activation in patients with behavioral variant of the FTD
(bvFTD), fNIRS was used while performing the verbal fluency task[18]. The flexible of fNIRS makes the
possibility of measurement of the neurology of gait in cognitive dysfunction or dementia during dual-
task gait assessment[19]. Similar studies focused on old people with risk of dementia, such as those with
subjective memory complaints, were reported to be examined by fNIRS indual-task gait[20].

The use of optical techniques, specifically fNIRS, to study brain hemodynamics and to assess
prefrontal cortex’s activity of older adults for detection of certain types of seizures and cortical
spreading deactivation in cognitive tasks is also important. fNIRS can be useful to investigate the altered
prefrontal mechanisms of neurological and neuropsychiatric diseases and discover neuroimaging
biomarkers for different neurodegenerative disorders[21-24]. The reliability of fNIRS in estimating
global cerebral function was supported by previous studies[25]. fNIRS measurements are reproducible
and can be reliable used in single subjects for neuroscientific research and clinical applications[26]. It
could be a critical tool to investigate frontal lobe oxygenation in patients with different types of
dementia and age-related decline of neurovascular coupling responses[27,29].

In this study, using fNIRS, we examined brain functional patterns in patients with four types of
dementia: FTD, LBD, Parkinson’s disease dementia (PDD), and AD. Because of neurovascular coupling,
different types of dementia may cause different hemodynamic alterations. Here, we report four subjects
in which fNIRS was used to examine the brain function of patients with dementia (during two tasks and
a resting state).

MATERIALS AND METHODS

fNIRS data acquisition

Patients with FTD, LBD, PDD, and AD signed an informed consent form and underwent routine fNIRS
examinations at a brain function testing center in the hospital. A multi-channel continuous-wave fNIRS
imaging system (Nirscan, Danyang Huichuang Medical Equipment Co. Ltd, China) was employed to
measure signals from the frontal and bilateral temporal cortices as described in our previous study[8].
This light-emitting diode-based fNIRS system contained 24 light sources and 24 detectors. The distance
between detectors was 3 cm, as shown in Figure 1. The center detector of the middle probe set row was
placed at FPz, according to the 10/20 international system. The sampling rate was 11 Hz and the
wavelengths used were 780, 808, and 850 nm.

Verbal fluency task

The verbal fluency task consisted of three steps: (1) Participants repeatedly counted from 1 to 5 for 30 s
to obtain the baseline value of cognitive performance; (2) during the task period, participants were
instructed to generate as many words as possible, they continuously named different words beginning
with a specific letters for 20 s (trials for three letters totaled 60 s); and (3) participants repeated step 1 for
70 s to return to baseline. The task took less than three minutes total. Other matters needing attention
were described in previous studies on verbal fluency task of fNIRS[30-33].

Memory task

The memory task contained two components on a tablet computer: A working memory search task and
a non-working memory search task. In the working memory search task, three graphic icons appeared.
Participants were instructed to remember the colors, shapes, and order in which they appeared;
subsequently, they were asked to identify the icons in the summary diagram. In the non-working
memory search task, participants only needed to select the icons when prompted. The two sets of tasks
were alternated and repeated four times. Working memory performance was used to reflect the
cognitive function in many studies[34-36].

Resting state

The resting-state signal was recorded continuously for at least 10 min, during which participants were
required to sit still and close their eyes without falling asleep. Functional connectivity was calculated on
a scale from 0 to 1, where 0.3 represents an average level of functional connection strength (Supple-
mentary Figure 1).

fNIRS experiment

The participants were guided to the experimental room, and seated on a wooden stool with a wooden
table. During the experimental preparation phase, the participants were asked to wear an electrode cap.
The experimenter repeatedly adjusted the electrode cap to maximize the signal channel gain. When the
experiments begin, participants performed the task by listening to the instruction (verbal fluency task)
or using an ipad (working memory task), as our previous work][8].
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Figure 1 Diagrammatic sketch of localization of the functional near-infrared spectroscopy probe set over left and right frontotemporal
cortex. A: Anterior view; B: Lateral view; C: Probe arrangement. Blue circle: Detectors; Purple circle: Light source.
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Data analysis

The NirSpark software package (Danyang Huichuang Medical Equipment Co. Ltd, China) was used to
analyze the fNIRS data, as previously described[37-39]. Physiological noises (including respiration,
cardiac activity, and low-frequency signal drift) were corrected by a band-pass filter with cutoff
frequencies of 0.01-0.20 Hz. The cubic spline interpolation method was adopted to eliminate motion
artifacts. The modified Beer-Labert law was used to convert the optical density into changes in oxy-Hb
and deoxy-Hb concentrations. A general linear model was used to calculate brain activation strength.
Functional connectivity was calculated by conducting Pearson’s correlation analysis between the time
series of every pair of measurement channels.

RESULTS
Subject 1 FTD

Clinical manifestation: A 57-year-old man was diagnosed with FTD. Two years prior, the patient began
to show impaired judgment without warning and was defrauded of 700000 yuan. He reported
insomnia, anxiety, and depression. His mental state continued to deteriorate, and he was initially
diagnosed with “recurrent depressive disorder”. He also exhibited memory problems such as being
unable to recall whether he had eaten or not, and he was often unable to complete tasks assigned to him
by his family. For the past 2 years, the patient had been treated with systematic antidepressants (such as
sertraline, doxetine, mirtazapine) and modified electroconvulsive therapy. His depression partially
eased, but his memory problems persisted. One month previously, the patient again showed
nervousness and fidgeting. The patient also experienced hallucinations, slow walking, and involuntary
limb shaking. He had been admitted to the neurology department, who had ruled out Parkinson’s
disease before he was admitted to our department for further treatment.

Examinations: The patient’s psychiatric examination at admission showed clear consciousness, accurate
orientation, lack of cooperation, less autonomous language, decreased language expression ability, poor
vocabulary, stereotypes and imitation speech, stable mood, no obvious manifestations of emotional
depression, and partial decline in memory intelligence. Physical examination revealed that the patient’s
right lower limb twitches could be relieved after massage. A brain MRI showed cystic foci in the left
medial temporal lobe and senile brain changes. His Mini-Mental State Examination (MMSE) score was
22/30. Considering to his education level of high school, the severity of dementia was moderate. The
patient was diagnosed as FTD accompanied by mild depression.

fNIRS results: In Figure 2A, fNIRS showed global lower activation in frontotemporal lobe when the
patient performed the verbal fluency task. This was consisted with his clinical manifestation of poor
verbal function. During the working memory task, the patient’s prefrontal lobe activation was lower
than that of the temporal lobe, and the frontal lobe activation was also low. Frontalpolar and
temporopolar area showed most activation than other regions. The overall pattern was different from
other three subtypes of dementia. During a resting state, the average strength functional connection of
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Figure 2 Comparison of functional near-infrared spectroscopy patterns and task performances during the verbal fluency task (left) and
the working memory task (right) between four types of dementia patients. A: Frontotemporal lobe dementia; B: Lewy body dementia; C: Parkinson’s
disease dementia; D; Alzheimer's disease. Red indicates higher activation, while blue indicates lower activation.

all channels was considered high at 0.559 as shown in Figure 3A.

Subject 2 LBD

Clinical manifestation: A 74-year-old man was diagnosed with LBD. He had been experiencing
progressive memory loss for three years, as well as symptoms such as hand shaking and bradykinesia;
the neurology department considered him to have Parkinson’s disease. Over three years, the patient’s
memory waxed and waned, while symptoms such as slow walking persisted. The patient occasionally
experienced hallucinations such as seeing vivid images of dead people. In the last six months, his
memory problem had significantly worsened; sometimes, he could not recall a family member’s name.
His speech was not very fluent, and he had difficulty communicating with others. His sleep was poor.
His ability to perform daily living had significantly declined and he needed someone to take care of
him.

Examinations: The patient was admitted to our hospital for further treatment, and his psychiatric
examination at admission showed clear consciousness, loss of sense of smell, unsteady gait, varying
degrees of limb tremor, and increased muscle tone. He had slow thinking, aphasia, impaired memory,
impaired common sense, reduced calculation ability, and visual hallucinations. A brain MRI showed
localized atrophy in the temporal, frontal and parietal lobes. His MMSE score was 6/30. The degree of
dementia was severe. The patient was diagnosed as primary neurodegenerative disease LBD.

fNIRS results: The fNIRS showed severe asymmetry in both hemispheres during both the verbal
fluency and working memory tasks, particularly that the left frontal lobe showed more activation than
the right lobe as shown in Figure 2B. In Figure 3B, the patient had low functional connection strength of
0.235 during a resting state.

Subject 3 PDD

Clinical manifestation: A 79-year-old man was diagnosed with PDD. Two years prior, the patient
began to develop symptoms such as hand tremor and slow gait, and was subsequently diagnosed with
“Parkinson’s disease” by the neurology department. He was given symptomatic treatment of dopamine
(0.0625 g tid) and pramipexole (0.25 mg bid) in oral form since then, and symptoms such as hand
tremors and slow gait improved. About six months ago, his family reported development of memory
problems. The patient forgot things immediately after being told, and forgot where he put things. His
ability to perform daily tasks slowly declined, sometimes requiring family members to help him dress.
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Figure 3 Resting state functional connections were calculated by conducting Pearson’s correlation analysis between the time series of
every pair of measurement channels. A: Frontotemporal lobe dementia; B: Lewy body dementia; C: Parkinson’s disease dementia; D: Alzheimer’s disease.
Red indicates higher activation, while blue indicates lower activation.
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Two months prior, the patient’s mental state worsened due to sleep disorders and frequent nightmares.
On occasion, he wakes in the middle of the night and begin to choke his wife. The patient was admitted
for further treatment, and reported a family history of AD (in his sister).

Examinations: Upon mental examination, the patient’s consciousness was clear. His recent memory
decline was evidenced by his report of no memory of events after he went to bed. He gave simple
answers to questions and demonstrated limited vocabulary and emotional instability, particularly
irritability. His risk-taking behavior had increased, particularly in dangerous movements that may lead
to falls or rejecting advice from others. CT showed multiple ischemic foci in both the frontal and parietal
lobes and periventricular white matter. His MMSE score was 13/30. The degree of dementia was severe.
The patient was diagnosed as typical PDD accompanied by sleep disorders.

fNIRS results: {NIRS showed that the patient’s prefrontal cortex had lower excitability than the
temporal lobe during the verbal fluency task, while the patient’s prefrontal cortex had higher
excitability during the working memory task. As shown in Figure 2C, the dorsolateral prefrontal cortex
(DLPFC) was activated strongly (symmetrical pattern; in red color region) during the working memory
task. During a resting state in Figure 3C, the average strength functional connection of all channels was
0.206, lower than the normal level.

Subject 4 AD

Clinical manifestation: A 73-year-old woman was diagnosed with dementia secondary to AD. About
one year prior, the patient began to experience short-term memory loss, such as forgetting what she had
said and done and failing to find the objects she had just placed. The ability to perform daily tasks
declined slowly, requiring partial assistance from family members. The patient had a history of
recurrent depressive disorder for approximately 10 years and long-term antidepressant treatment was
moderately effective.

Examinations: The mental examination on admission found memory decline, computing power decline,
orientation impairment, comprehension and expression ability decline, language vocabulary reduction,
and emotional stability. A brain MRI showed reduced hippocampal volume and internal olfactory
cortex volume bilaterally (MTA-score > 2). Her MMSE score was 14/30. The degree of dementia was
moderate to severe due to her education level of 1 year. The patient was diagnosed as typical AD
accompanied with mild depression.

fNIRS results: {NIRS revealed poor prefrontal and temporal activation during the working memory
task (Figure 2D). The patient had high functional connection strength of 0.518 during a resting state
(Figure 3D). The contrast of the two demented subjects (PDD vs AD) was characterized by a nearly
symmetrical pattern in both task contrasts: prefrontal lobe was more activated in verbal fluency task in
the AD than in PDD, while the frontotemporal lobe was more activated in working memory task in the
PDD than in AD (Figure 2C and D). Regarding to the working memory task, the activation of brain in
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AD was the weakest of four dementias.

DISCUSSION

The results of this study indicate that cortical activation measured with fNIRS while performing a verbal
fluency and working memory task differs in patients suffering from four types of neurodegenerative
dementia including FTD, LBD, PDD, and AD. Furthermore, this activation differs between the four
types of neurodegenerative dementia, a result shown for the first time using fNIRS in antidiastole of
dementia subtypes.

Patients with FTD show low function or atrophy of the frontotemporal lobe that may be accompanied
by low levels of oxy-Hb low function of the frontotemporal lobe[40]. Although patients with FTD and
those with psychiatric disorders behave similarly, differences can exist in hypoperfusion and hypometa-
bolism of the frontotemporal lobe regions[41]. A reduction in cortical activation during verbal fluency
task performance in FTD patient compared to other three dementias has been shown in this study. FTD
disorders include behavioral variant FTD (bvFTD), nonfluent/agrammatic variant primary progressive
aphasia (nfvPPA), and semantic variant PPA (svPPA)[42]. PPA patients showed differential linguistic
features of verbal fluency from bvFTDI[43]. In this FTD case, the patient showed the poor verbal
function. The fNIRS pattern showed low activation during the verbal fluency task. He had been treated
with antidepressants. Currently, antidepressants are routinely used in the treatment of dementia to
supplement serotonin availability[44]. There was no effect on vasculature at the relevant therapeutic
dose for this patient, so it is unlikely that this affected blood flow in this patient. Furthermore,
depressive pseudo dementia can also manifest as cognitive decline, but the brain functions, as well as
neurovascular coupling, are not as poor in these patients compared to patients with dementia[45]. Thus,
fNIRS can distinguish between depressive pseudo-dementia and dementia.

The AD pattern is weaker and more similar to the healthy pattern, whereas the bvFTD pattern is
qualitatively different, namely more frontopolar and without frontoparietal compensation activation
[18]. Our results showed the AD patient have lower and slower activation in the bilateral PFC and left
parietal cortex during working memory maintenance. This was consisted with previous study on
moderate to severe AD[2]. aMCI patients, as early stage AD, were reported a larger reduction in frontal
deoxy-Hb during the memory task[46].

Regarding to the functional connection reflected by fNIRS, connections between different brain
regions, as well as synergies between them, work together to provide comprehensive cognitive
functions. As shown in Figure 3, the total scores of MMSE of patient with PDD and AD were similar in
our study, but the functional connection strength is much different. The MMSE scale included six
cognitive domains of orientation, immediately recall, attention, delayed recall, language and executive,
and visual function[47]. Although the total MMSE scores of PDD and AD patients are close, they have
different sub-scores in different cognitive domains, which reflect different brain area functions. In this
aspect, the functional connectivity reflected by fNIRS can distinguish these differences, and enhanced
the diagnostic accuracy as an auxiliary method.

The blood supply to the brain can reflect local changes in functional activity. In dementia patients,
brain activity demonstrates a gradual increase in oxygenated hemoglobin and decrease in deoxygenated
hemoglobin[48]. The working mode is believed to require networks across the entire brain; that is, no
complex function is performed by a single brain area[6]. Imaging of the resting-state networks can also
reveal information, such as the correlations between neural activities and the efficiency of transmission
[49]. This is especially significant for patients with a low degree of cooperation[50]. Regarding to
prefrontal cortex, primarily DLPFC, activation has a positive correlation with working memory load
and performance until the working memory load exceeds the capacity[51].

fNIRS technology is widely used in the detection of neuropsychiatric disorders and brain functions
individuals abusing different types of drugs[52-54]. Changes to oxy-Hb concentration of the bilateral
prefrontal cortex in a schizophrenia group were reported to be significantly lower than those in a
healthy group[55]. fNIRS has also been used to accurately distinguish patients with major depression
from those with bipolar disorder or schizophrenia who have depressive symptoms[56]. When fNIRS
technology was utilized to explore functional connectivity and network changes in patients with
attention-deficit/hyperactivity disorder (ADHD), the development pattern of brain networks in
children with ADHD was different from that of healthy children[57]. fNIRS also has applications in the
field of sleep research to study brain activation during dreaming[49,57].

Limitations and future directions: one limitation is that a single patient for each group may introduce
individual differences, including sex, age, and education. A larger sample size would help to eliminate
the impact of such individual differences. Our results show that further study is needed to examine the
diagnostic utility of fNIRS in dementia. Although our fNIRS recording technique was a multichannel
flexible tool to detect the brain function in patients with different type of dementia, it focused on the
frontal and temporal lobe of the brain, not the global brain region. This can be improved by using whole
brain detection of NIRS in the future.
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CONCLUSION

Although subtypes of dementia may have similar clinical symptoms, they have different objective
indicators; some that are observable during a resting state and some that are observable during the task
state. Since fNIRS can detect changes in both states, it may be a useful tool for differential diagnosis.
This study visualized four different types of dementia (FTD, LBD, PDD, and AD) using fNIRS, and
found differences of brain activation during the task condition and functional connectivity during the
resting state for all four types. The patient with FTD showed the lowest activation during the verbal
fluency task and the patient with AD showed the lowest activation during the working memory task.
During the resting state, functional connectivity was poor in the patients with LBD and PDD. These
differences could be used as biomarkers to distinguish the different subtypes of dementia. In the future,
as a non-invasive tool, multichannel fNIRS technology can provide high spatial and temporal resolution
signals to continuously assess regional cerebral oxygenation. The sensitivity of {NIRS increased its use
as a wide-spread clinical tool for the robust assessment of brain function.

ARTICLE HIGHLIGHTS

Research background

In addition to functional magnetic resonance imaging, electroencephalography, and event-related
potentials, functional near-infrared spectroscopy (fNIRS) to examine functional connectivity between
regions has become an important supplement to existing functional imaging technologies.

Research motivation
fNIRS technology will be widely used in the detection of neuropsychiatric disorders.

Research objectives
fNIRS could be a potential tool for the diagnosis between dementia subtypes.

Research methods
We tested four types of dementia by using fNIRS in the verbal fluency task, working memory task and
resting state task.

Research results
fNIRS examinations were adopted to test the fNIRS paramters. The results shown that different types of
dementia have different fNIRS patterns.

Research conclusions
fNIRS can be used as a potential method to diagnose dementia and cognitive decline.

Research perspectives
We want to study whether the fNIRS can be a potential tool for the diagnosis between dementia
subtypes.
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