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Abstract
Introduction. Dysfunction of the glymphatic system glymphatic system of the brain is considered a pathogenetic factor in some age-dependent 
neurodegenerative diseases, including Alzheimer's disease (AD), dementia with Lewy bodies (DLB), Parkinson's disease (PD), and normal pressure 
hydrocephalus (NPH). The innovative method for calculating DTI-ALPS (Diffusion Tensor Image Analysis ALong the Perivascular Space) allows 
non-invasive assessment of the glymphatic system status using magnetic resonance imaging (MRI). 
The aim of the study is to compare DTI-ALPS in patients with AD, DLB, PD, and NPH and to evaluate its potential use as a biomarker of the glym-
phatic system status in these diseases.
Materials and methods. The study included 116 subjects: 32 patients with AD, 15 patients with DLB, 31 patients with PD, 11 patients with NPH, and 
27 healthy volunteers. Cognitive testing was performed for patients in the main groups using the Montreal Cognitive Assessment (MoCA) score. All 
subjects underwent diffusion tensor imaging (DTI) of the brain. DTI-ALPS was then calculated.
Results. DTI-ALPS index significantly differed across groups (p < 0.001). Patients with AD, DLB, and NPH had a significant-
ly lower DTI-ALPS index on both sides compared to the PD group and healthy volunteers (p < 0.01). Analysis of the entire sample showed  
a direct correlation between MoCA score and DTI-ALPS index (p < 0.05).
Conclusion. This is the first comparison of DTI-ALPS across such a broad range of age-dependent neurodegenerative diseases. Since our DTI-ALPS 
results were comparable to previously reported data, we believe that this parameter can be used as an indirect marker of the glymphatic system 
status.
Key words: glymphatic system; diffusion tensor imaging; magnetic resonance imaging; neurodegenerative diseases; cognitive impair-
ment; Alzheimer's disease; Lewy body dementia; Parkinson's disease; normal pressure hydrocephalus
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Оценка глимфатической системы 
методом DTI-ALPS при возраст-зависимых 

нейродегенеративных заболеваниях
А.А. Лясковик, Р.Н. Коновалов, Ю.А. Шпилюкова, К.В. Невзорова, А.Н. Москаленко, Е.Ю. Федотова, М.В. Кротенкова

Научный центр неврологии, Москва, Россия
Аннотация
Введение. Дисфункция глимфатической системы мозга считается одним из патогенетических факторов некоторых возраст-зави-
симых нейродегенеративных заболеваний, таких как болезнь Альцгеймера (БА), деменция с тельцами Леви (ДТЛ), болезнь Паркинсона 
(БП) и нормотензивная гидроцефалия (НТГ). Инновационный метод расчёта индекса DTI-ALPS (диффузионно-тензорные изображения 
с оценкой периваскулярных пространств) позволяет неинвазивно оценивать состояние глимфатической системы посредством маг-
нитно-резонансной томографии. 
Цель исследования — сравнить результаты показателя DTI-ALPS у пациентов с БА, ДТЛ, БП и НТГ, а также оценить возможность 
его использования в качестве биомаркера состояния глимфатической системы при этих нозологиях.
Материалы и методы. В исследовании приняли участие 116 человек: 32 пациента с БА, 15 пациентов с ДТЛ, 31 пациент с БП, 11 паци-
ентов с НТГ и 27 здоровых добровольцев. Пациентам основных групп проводили когнитивное тестирование с использованием Монре-
альской шкалы оценки когнитивных функций. Всем испытуемым была проведена магнитно-резонансная томография головного мозга 
в режиме диффузионно-тензорной томографии с последующим вычислением индекса DTI-ALPS.
Результаты. Значения индекса DTI-ALPS значимо различались между группами (p < 0,001). Пациенты с БА, ДТЛ и НТГ имели значимо 
более низкий индекс DTI-ALPS с обеих сторон по сравнению с группой БП и здоровыми добровольцами (p < 0,01). Анализ всей выборки 
выявил прямую корреляцию между баллом по Монреальской шкале оценки когнитивных функций и значениями DTI-ALPS (p < 0,05).
Заключение. Сравнение значений индекса DTI-ALPS среди такого широкого спектра возраст-зависимых нейродегенеративных забо-
леваний было проведено впервые. Учитывая, что полученные значения DTI-ALPS сопоставимы с ранее опубликованными данными, мы 
полагаем, что предложенный метод может быть использован в качестве косвенного маркера состояния глимфатической системы.
Ключевые слова: глимфатическая система; диффузионно-тензорные изображения; магнитно-резонансная томогра-
фия; нейродегенеративные заболевания; когнитивные нарушения; болезнь Альцгеймера; деменция с тельцами Леви; 
болезнь Паркинсона; нормотензивная гидроцефалия
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In 2012, a group of scientists at the University of Rochester 
experimentally described a new system for removing toxic 
substances from the brain substance. This system was called 
the glymphatic system or perivascular/paravascular transport 
system. It is represented by perforating arteries dividing into 
smaller arterioles, which pulsate and ensure the movement 
of cerebrospinal fluid-like intercellular fluid between the sur-

Introduction

Considering constant increase of the life expectancy, it 
is extremely important to understand the mechanisms of 
age-dependent neurodegenerative diseases [1, 2]. This paper 
considers one of these mechanisms and the method of its 
noninvasive integral assessment.
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The aim of this study was to compare AD, DLB, PD, and NPH 
using DTI-ALPS as an indirect parameter of glymphatic sys-
tem function and to evaluate its potential use as a biomarker 
for these diseases.

Materials and methods

Subjects and clinical assessment

The study conducted at the Research Center of Neurolo-
gy, included 116 patients from Neurology Department No. 5 
with a molecular genetics laboratory (Table 1). Thirty-two 
patients were diagnosed with AD at the stage of mild cog-
nitive impairment (n = 21) and dementia (n = 11) according 
to the criteria of the National Institute on Aging and Alzhei-
mer's Association [14]. The median age was 71.5 [63.5; 75.5] 
years, median Montreal Cognitive Assessment Scale (MoCA) 

rounding glial cells, astrocytes. At the same time, metabolites 
are flushed out and absorbed into small venules that form 
large cerebral veins [3]. The glymphatic system is named af-
ter the body's lymphatic system because of the similar action. 

The mechanisms of the glymphatic system are still being 
studied, but its several important functions have already 
been identified. These are elimination of metabolites and to-
xic agents, regulation of intracranial pressure, maintenance 
of intracellular and extracellular fluid balance, general ho-
meostasis, and development of the immune response [4]. 
Dysfunction of the glymphatic system is thought to play im-
portant role in the pathogenesis of Alzheimer's disease (AD), 
dementia with Lewy bodies (DLB), Parkinson's disease (PD), 
and normal pressure hydrocephalus (NPH) [5].

The glymphatic function may be impaired due to endothelial 
changes, depolarization of aquaporin-4 channels, hyperlipi- 
demia, sleep disturbances, and deposition of beta-amyloid 
and other pathologic proteins that accumulate in age-de-
pendent neurodegenerative diseases. Abnormal protein 
deposition may be both a cause and a consequence of the 
glymphatic dysfunction [6–10]. Some authors suggest that 
additional factors inhibiting the glymphatic system activity 
may include a decrease in vascular pulsatility and a decrease 
in cardiac activity [11, 12].

In 2017, a group of Japanese scientists led by T. Taoka pro-
posed an innovative technique to assess the status of the 
glymphatic system – diffusion tensor image analysis along 
the perivascular space (DTI-ALPS) [13]. DTI is used to record 
the movement of water molecules in the direction of perivas-
cular spaces. At the level of the lateral ventricular bodies, the 
medullary veins are perpendicular to the lateral wall of the 
lateral ventricles. The perivascular spaces are in the same 
plane from right to left. In this region, the projection fibers 
run craniocaudally and the superior longitudinal fascicle of 
association fibers runs anteroposteriorly. Therefore, the peri-
vascular spaces in this region are perpendicular to the pro-
jection fibers and the superior longitudinal fascicle (Fig. 1). 
This structure allows an almost independent analysis of the 
diffusion coefficient in the direction of the perivascular spa-
ces, where the main tracts do not run parallel to the direction 
of the perivascular spaces. T. Taoka et al. found a significant 
decrease in DTI-ALPS index in the region of interest in pa-
tients with cognitive impairment, and a positive correlation 
between this parameter and the severity of cognitive impair-
ment [13]. DTI-ALPS is the ratio between the averaged sum 
of the tensor values in the Dxx, Dyy, and Dzz directions in the 
region of the projection (proj) and association (assoc) fibers, 
which is calculated by the formula:

Fig. 1. Calculation of DTI-ALPS.
The region of interest (ROI) highlighted in yellow corresponds to the 
association fibers represented by the superior longitudinal fascicle. 
The ROI highlighted in red corresponds to the projection fibers re- 
presented by the pyramidal tract (adapted from T. Taoka et al. [13]). 

DTI-ALPS =			             .
mean (Dxx—proj, Dxx—assoc)
mean (Dyy—proj, Dzz—assoc)

z
Subcortical fibers

Perivascular spaces

y
Association fibers

x
Projection fibers
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Image post-processing 

DSI Studio (Chen release) was used to post-process the DTI 
images1. Magnetic susceptibility artifacts were eliminated 
with b = 0 data using TOPUP correction.  EDDY correction2 
was performed using FSL EDDY. The Population-average at-
las was used to adjust the consistency of the DTI data [21]. 

We further identified regions of interest corresponding to 
projection and association fibers at the level of the posterior 
parts of the lateral ventricular bodies and extracted tensor 
values in the Dxx, Dyy, and Dzz directions. The values ob-
tained were tabulated to calculate and statistically process 
the left and right DTI-ALPS results.

Statistical analysis

Statistical analysis was performed using SPSS Statistics  
v. 26.0 (IBM). In all cases, two-sided tests were used. 

The null hypothesis was rejected at a significance level of 
p<0.05. Due to the sample size (n = 116), both parametric and 
non-parametric methods of comparative statistics were used. 

1 DSI-studio.labsolver.org [Internet]. DSI Studio "Chen" release. 
URL: http://dsi-studio.labsolver.org (accessed on 15 March 2024).

2 Github.com [Internet]. The Tiny FSL package. 
URL http://github.com/frankyeh/TinyFSL (accessed on 8 March 2024).

was 17.0 [10.3; 20.8] [15]. Fifteen patients were diagnosed 
with DLB at the stage of mild cognitive impairment (n = 11) 
and dementia (n = 4) according to criteria by I.G. McKeith 
et al. [16]. The median age was 71.0 [66.0; 78.0] years. The 
median MoCA score was 19.0 [17.3; 23.3]. As a comparison 
group, 31 patients diagnosed with PD at stage 2 (n = 5) and 
stage 3 (n = 26) according to the Hoehn and Yahr scale [17]  
were examined. They had no cognitive impairment and 
were diagnosed according to the clinical criteria of the In-
ternational Parkinson and Movement Disorder Society [18]. 
The median age was 65.0 [59.0; 70.0] years. The median 
MoCA score was 27.0 [26.0; 28.0]. The study also included 
11 patients diagnosed with NPH according to the criteria by  
N. Relkin et al. [19]. The median age was 68.0 [64.0; 75.0] 
years. The median MoCA score was 19.5 [17.8; 21.8]. The 
control group included 27 subjects without cognitive impair-
ment (Mini-Mental State Examination score ≥28 [20]; the 
median age was 63.0 [57.0; 67.0] years).

MRI scan

MRI was performed using a Siemens MAGNETOM Prisma 3T 
(Siemens Healthineers). In addition to conventional T1, T2, T2 
FLAIR, and SWI sequences, the scan also included a 2D EPI 
(echo planar images) diffusion tensor sequence (TR = 5,600 ms,  
TE = 82 ms, b-values of 0, 1000 and 2500 s/mm2, 64 diffusion 
directions in both AP (anterior to posterior) and PA (posterior 
to anterior) directions. The slice thickness was 2 mm. 

Table 1. Demographic characteristics of the study groups
Parameter Normal (n = 27)  AD (n = 32)  DLB (n = 15)  PD (n = 31)  NPH (n = 11)

Gender
male, n (%) 5 (18,5%) 5 (15,6%) 9 (60,0%) 5 (16,1%) 8 (72,7%)

female, n (%) 22 (81,5%) 27 (84,4%) 6 (40,0%) 26 (83,9%) 3 (27,3%)

Age Me [Q1; Q3]
63,0

[57,0; 67,0]
71,5

[63,5; 75,5]
71,0

[66,0; 78,0]
65,0

[59,0; 70,0]
68,0

[64,0; 75,0]

Fig. 2. Distribution of DTI-ALPS index between groups on the left (A) and right (B) sides. *р adj < 0.01.
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Patients with DLB and NPH had significantly lower DTI-
ALPS index on both sides compared to patients with PD. 
Patients with AD also had significantly lower left DTI-ALPS 
index compared to patients with PD. On the right side, the 
differences were not statistically significant. In addition, pa-
tients with AD had a significantly higher right DTI-ALPS 
index compared to patients with NPH. On the left side, the 
differences were not statistically significant. Patients with 
DLB and NPH were not statistically significantly different.

Analysis of the entire sample showed a significant direct 
moderate correlation between MoCA scores and DTI-ALPS 
index on the left side (r = 0.332; p = 0.002) and a significant 
direct weak correlation on the right side (r = 0.225; p = 0.035). 
These data are represented in Figure 3.

Discussion

Since DTI-ALPS is a relatively new parameter for the glym-
phatic system assessment, literature on this topic is limited. 

To assess relationship between quantitative variables, a Pearson 
correlation coefficient was used. A Chaddock scale was used to 
determine the strength of significant associations. For all post 
hoc pairwise comparisons, the Bonferroni method was used to 
adjust for multiple comparisons. In addition, the association be-
tween diagnosis group and DTI-ALPS штвуч was assessed using 
a general linear model adjusted for gender and age.

Results

Significant differences in DTI-ALPS index were reported 
across groups on both right and left sides (Fig. 2). After ad-
justment for gender and age, these differences remained sig-
nificant (p < 0.001). 

The post hoc analysis showed that patients with AD, DLB, 
and NPH had significantly lower DTI-ALPS index on both 
sides compared to healthy volunteers (Table 2). The differ-
ences between AD patients and normal subjects were not 
statistically significant.

Table 2. Adjusted significance level for post hoc pairwise comparisons between study groups
Pair of groups to compare DTI-ALPS left DTI-ALPS right

НС vs AD р adj < 0,001 р adj = 0,001

НС vs DLB р adj < 0,001 р adj < 0,001

НС vs PD р adj = 1,000 р adj = 0,102

НС vs NPH р adj < 0,001 р adj < 0,001

AD vs DLB р adj = 1,000 р adj = 0,064

AD vs PD р adj = 0,003 р adj = 1,000

AD vs NPH р adj = 0,099 р adj < 0,001

DLB vs PD р adj = 0,001 р adj = 0,001

DLB vs NPH р adj = 1,000 р adj = 0,758

PD vs NPH р adj < 0,001 р adj < 0,001

Fig. 3. Correlation of the left (A) and right (B) DTI-ALPS index with MoCA score.
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teers, the authors reported significant differences in DTI-
ALPS index between these groups (p < 0.001), as well as 
correlations between motor symptoms and cognitive test 
scores and DTI-ALPS index [28]. However, the authors did 
not report whether DTI-ALPS was evaluated only in one 
cerebral hemisphere or whether an average index was cal-
culated. They also did not mention whether patients with 
PD had cognitive impairment.

Unfortunately, we did not find any papers that evaluated DTI-
ALPS in patients with DLB, so we could not perform a com-
parative analysis of our data. 

Across all study groups, the lowest DTI-ALPS index were re-
ported in the NPH group, which is consistent with data from 
other studies. In another study, Y.J. Bae et al. evaluated DTI-
ALPS in 16 patients diagnosed with NPH and compared the 
results with those of 16 control subjects [29]. DTI-ALPS index 
was extremely low in the NPH group, and the difference from 
the control group was significant (p < 0.0001). C. Georgiopou-
los et al. also evaluated changes in DTI-ALPS index in 13 NPH 
patients and 27 healthy volunteers [30]. Considering the sig-
nificance of DTI-ALPS differences, the authors propose this 
parameter as a marker of severity for both radiologic and 
clinical manifestations of this disease.

It should be noted that DTI-ALPS is an indirect marker of 
glymphatic system function. For a more accurate and direct 
assessment, contrast-enhanced invasive techniques are used. 
Limitations of interpreting results for this technique are 
discussed in the literature [31]. They also include the small 
number of patients in the DLB and NPH groups compared to 
the AD and PD groups, probably due to the lower prevalence 
of these diseases. Furthermore, DTI-ALPS cannot be used as 
a marker for the differential diagnosis of these disease due to 
the lack of significant differences between the AD, DLB, and 
NPH groups and between the PD and control groups.

Conclusion

We evaluated changes in DTI-ALPS index in different age-de-
pendent neurodegenerative diseases, identified correlation 
with clinical manifestations (MoCA results), and evaluated 
differences in DTI-ALPS index across study groups. Unlike 
other papers, our study compared changes in a relatively 
wide range of degenerative diseases of the nervous system. 
For the first time, data for AD, DLB, PD, and NPH were com-
pared. Since our results of DTI-ALPS index assessment were 
comparable to previously published results, we believe that 
this parameter can be used as an indirect marker of the glym-
phatic system status. However, its use in the differential diag-
nosis of individual diseases remains debatable.

Our study is the first in Russia to evaluate DTI-ALPS in pa-
tients with neurodegenrative diseases.

In our study, the lowest DTI-ALPS index was reported in 
patients with cognitive impairment (including AD) and the 
highest DTI-ALPS index was reported in controls and PD 
patients without cognitive impairment. When evaluating the 
decline in the glymphatic system activity as a factor of cog-
nitive deficit, the data of T. Lian et al. [22] can be used. This 
study evaluated DTI-ALPS index in patients with AD (18 with 
moderate cognitive impairment, 38 with dementia), vascular 
dementia (n = 21), and healthy subjects (n = 28). As in our 
study, the highest DTI-ALPS index was reported in healthy 
subjects. The results in AD patients at the moderate cognitive 
impairment and vascular dementia stages were comparable, 
but significantly lower than those in the control group. 

The correlation found between DTI-ALPS index and the se-
verity of cognitive impairment (MoCA) is consistent with the 
data from the pivotal study by T. Taoka et al. [13] and the 
study by T. Lian et al. [22] described above. In a similar study, 
B.W. Williams et al. also reported a significant correlation be-
tween DTI-ALPS index and cognitive tests such as the Boston 
Naming Test [23]; Digit Span Test [24]; Route Construction 
Test, Part A [25, 26].

We observed the more significant differences in DTI-ALPS 
index in the left cerebral hemisphere, which were comparable 
to the data reported by T. Shen et al. who studied DTI-ALPS 
in a group of patients with PD at different stages according 
to the Hoehn and Yahr scale (n = 76) and in a control group 
(n = 48) [27]. The authors suggested that the left hemisphere, 
which is dominant in a larger percentage of the population, is 
involved in the pathological process earlier than the contra-
lateral right hemisphere. Therefore, in early stages of PD (up 
to Hoehn and Yahr stage 2), changes in DTI-ALPS index were 
found only on the left side, and at later stages (Hoehn and 
Yahr stage 3 and higher), changes were bilateral. This mech-
anism may possibly be applicable not only to PD, but also to 
other neurodegenerative processes. X. Zhang et al. [23] and 
Y.J. Bae et al. [28, 29] showed lower DTI-ALPS index in the 
left cerebral hemisphere. However, T. Taoka et al. [13] only 
measured the left hemisphere, and T. Lian et al. [22] did not 
report for which hemisphere DTI-ALPS index was presented.

We found no statistically significant differences in DTI-ALPS 
index between the PD and control groups. Possible reasons 
may be that the study included earlier stage PD patients 
(Hoehn and Yahr stages 2–3) without cognitive deficit or 
that the sample size was small compared to the study by 
T. Taoka et al. [13]. However, in the study by Y.J. Bae et al., 
which also included 54 PD patients and 54 healthy volun-
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