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A Madame le Professeur Bénédicte GOHIER,

Je vous remercie de me faire I'honneur de présider ce jury de thése. Je vous remercie pour vos précieux
enseignements d'une psychiatrie moderne et rigoureuse. Je vous suis reconnaissante du projet visionnaire
que vous portez pour la psychiatrie angevine qui m‘a permis de faire des stages trés formateurs avec des
chefs bienveillants et passionnés. Merci pour I'opportunité que vous m’accordez de rejoindre votre équipe
afin de participer au développement de cette belle discipline qu’est la psychiatrie de la personne agée.

A Monsieur le Docteur Quentin GALLET,

Merci de m’avoir fait I'nonneur d'accepter de diriger mon travail de thése. Je suis profondément
reconnaissante de la confiance que tu m’'as accordée dés notre rencontre et de la passion pour la
psychiatrie de la personne agée que tu as su me transmettre. Ta patience et ta bienveillance m’ont permis
de retrouver un sentiment de Iégitimité et le go(t de réver en grand. Tu m’‘as accompagnée pour que je
puisse dépasser mes limites et je n‘aurais jamais pu avoir ce parcours sans toi. C'est avec le cceur
débordant de gratitude que je te remercie pour tout.

A Monsieur le Professeur Thomas DESMIDT,

Je te remercie d’avoir accepté d’étre membre de ce jury de thése. Je te remercie surtout pour I'opportunité
de travailler sur ce projet. Merci pour I'accompagnement et les précieux conseils dont j'espére avoir fait
bon usage. Merci de m‘avoir ouvert les portes de ton service a Tours. Merci pour tout ce que j'ai pu y
apprendre et ramener dans mes bagages. A tes blagues frontales, aux fous rires, aux repas au restaurant
italien prés de la Clinique Psychiatrique Universitaire et a ton dépannage quand l'internat n‘était plus
vivable (et au pauvre Tristan) ! En espérant pouvoir réaliser encore d'autres projets ensemble.

A Monsieur le Professeur Cédric ANNWEILER,

Merci de me faire I'honneur d'étre membre de ce jury de thése. Merci pour la confiance que vous m‘avez
accordée en me permettant de faire un stage dans votre service de médecine aigué gériatrique ou j'ai tant
appris, aussi bien sur le plan médical que sur le plan personnel. Au plaisir de poursuivre la collaboration
entre nos spécialités.

Merci aux médecins qui m’ont fait choisir la meilleure spécialité qui soit.

A Madame la Docteur Typhaine BOUCHE,

Dont j'ai eu la chance de croiser le chemin lorsque j'étais en troisieme année de médecine et que j'avais
I'insolence de dénigrer la psychiatrie. Merci d’avoir pris le temps de me montrer avec une bienveillance
infinie le métier passionnant que tu pratiquais. Merci d'avoir été plus que mon interne, merci d‘avoir été
une amie. Merci d'avoir souligné mes qualités professionnelles et de m'avoir fait sentir a ma place. Jai le
souvenir encore limpide de toi qui me langais au dernier jour de stage : « je ne te dis pas aurevoir car je
sais qu’on se reverra, je sais que tu feras psy ! ». Tu avais raison, nous sommes désormais collegues et il
n'y aura jamais eu « d'au revoir ».

A Monsieur le Docteur Guillaume IFRAH,

Dont la rencontre fortuite a I'internat du CESAME en 2017 a été le plus grand bouleversement de mon
parcours ! Tu étais alors interne et tu tenais un discours passionné, saupoudré de quelques éclats de
sarcasme, dont toi seul maitrises les subtilités de dosage. Peut-étre grace a tes qualifications d'épicier ?
Tu étais déja animé par I'envie de « faire du bien » aux patients, I'envie de leur communiquer I'espoir,
I'envie de changer leur vie. Tu ne le savais pas encore mais tu avais déja changé la mienne. Depuis ce
jour, tu n'as jamais cessé d'étre une inspiration pour moi, un modele de ce que devait étre un « bon
psychiatre », I'équilibre entre des connaissances pointues et des qualités psychothérapiques hors du
commun (avec un peu plus de ponctualité si possible). Ensuite, je suis devenue interne et tu as su croire
en moi quand je n'y croyais pas. Tu m'as toujours encouragée et tirée vers le haut. Tu as continué de me
transmettre tout ce que tu savais au gré de nombreuses « ifrahisations » tardives contre lesquelles j'ai
pesté, mais on le sait, sans la moindre sincérité. Enfin, nous sommes progressivement devenus amis. Une
amitié construite sur des visions humaines et sociétales communes, ainsi qu’une curiosité partagée, sans
jugement et sans limite, pour le monde, dans toute sa splendeur et dans toute sa laideur parfois.
Guillaume, tu fais partie de ces rencontres exceptionnelles qui font la différence dans une vie et je chérirai
pour toujours cette amitié qui nous lie.

A Monsieur le Docteur Dewi LE GAL,

Que j'ai rencontré lorsque j'étais externe au CHU d’Angers et qui a proposé de me servir un café le premier
jour. Ce geste te semblait srement anodin mais il est encore gravé dans ma mémoire tant il témoignait
d’une sympathie naturelle et tant il m‘a mise en confiance. Je me souviens aussi de tes techniques habiles
d’entretien qui m’'ont émerveillée et que je continue d’envier. Ta rencontre m'a permis de renforcer I'amour
que je développais pour la psychiatrie et I'envie de travailler dans un cadre aussi bienveillant plus tard.



Merci aux médecins qui m’ont sauvé la vie sans le savoir.

A Monsieur le Professeur Jean-Ralph ZAHAR,

Un médecin et un humain extraordinaire. Merci d'avoir gardé un ceil bienveillant sur moi quand les temps
étaient difficiles. Merci d'avoir repéré mon potentiel et de m’‘avoir encouragée a tenir bon contre « la
médecine de Moliere ». « La raleuse » est toujours la et elle se souvient encore de vous avec gratitude.

A Monsieur le Docteur Jean-Luc ALLARD,

Que je ne pourrai jamais remercier assez d’‘avoir su me rappeler ce que je faisais la et ce a quoi j'aspirais
quand plus rien ne semblait faire sens. Merci pour ton humanité, ton humilité, ton empathie et ta passion
pour la médecine, pour les gens, pour le monde et toutes ses saveurs. Merci pour toutes ces conversations
hors du temps qui me faisaient tenir. Merci pour cette lumiére vive et chaleureuse que tu dégageais. Merci
pour ta compréhension et ta patience. Merci pour la vie que tu m’as permis de poursuivre. Comme tu
aimais le dire : « bref, la vie est belle ». Au plaisir de te revoir !

A Madame le Professeur Marie KEMPF,
Qui a su m’écouter, me rassurer et me soutenir. Merci.

Merci aux médecins rencontrés au fur et a mesure des stages qui m’ont fait confiance et qui m’ont transmis
leur savoir.

A Madame la Docteur Emmanuelle GRANDIN, une femme extraordinaire, dynamique et travailleuse,
humble et empathique, qui a su me transmettre ses connaissances et son expérience. Merci.

A Madame la Docteur Laure TOCANIER, qui m'a transmis son go(t pour une psychiatrie rigoureuse et
pour la gérontopsychiatrie. Merci.

A Madame la Docteur Marine ROZET, qui m’a transmis des connaissances sur les troubles des conduites
alimentaires et sur le trouble déficitaire de I'attention bien mieux que quiconque. Merci.

A Monsieur le Docteur Damien DENES, qui a su apaiser mes angoisses concernant la psychiatrie
d'urgence en partageant sa riche expérience et son efficacité redoutable. Merci.

A Madame la Docteur Delphine DEJEAN, qui a été ma cheffe de clinique lorsque j'étais en deuxiéme
semestre et avec qui j'ai eu I'immense plaisir de travailler. Merci pour tout ce que tu as pu me transmettre
et pour ta disponibilité. Merci pour ta rigueur et ta discipline qui nous permettent, je le crois, d'étre des
médecins plus compétents. Delphine, j'ai également eu le bonheur de devenir ton amie et je te remercie
également pour la place que tu m‘as fait dans ta vie. Et pour tes recommandations littéraires, merci.

Aux Messieurs les Docteurs Natwin PASQUINI et Benjamin BERTHOME DORE, qui étaient de
« vieux » internes lorsque je débutais et qui m'ont fait profiter de leur expérience et de leurs
connaissances, le tout au milieu de nombreux fous rires en salle canap’. Merci. Et merci particulierement
a Benjamin pour mon surnom - injuste - et le conditionnement aux clins d'ceil qui resteront, je le crains.

A Monsieur le Docteur Antoine DECOUVELAERE, qui était également un « vieil » interne lorsque je I'ai
rencontré et qui ma aidé a trouver mes marques au CHU lorsque j'étais un « bébé ». Merci pour ces avis
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ABSTRACT

Introduction: Excessive Brain Tissue Pulsations (BTP), measured by ultrasound, have been
associated with depression and are hypothesized to contribute to brain damage in this
population at risk for cerebrovascular lesions. However, previous research has been limited by
small sample sizes. To address this issue, our study pooled data from three separate
investigations, resulting in the largest cohort of depressed participants with BTP measurements

to date.

Methods: We analysed 123 participants (74 individuals with depression, 49 healthy controls)

using ultrasound Tissue Pulsatility Imaging (TPI) to assess resting BTP.

Results: Results showed that both MeanBTP and MaxBTP were significantly associated with
depression, as determined by multiple linear regression models that included age, sex, and
blood pressure as covariates. Additionally, we found that age, sex, and diastolic blood pressure
were significant predictors of BTP. Specifically, BTP decreased with age, was higher in men,

and was more strongly predicted by diastolic blood pressure than by systolic blood pressure.

Conclusion: In this large cohort, we replicated the association between depression and
increased BTP, supporting the notion that elevated BTP may be a potential mechanism
underlying brain damage over time. Our findings suggest that TPI could serve as a valuable

surrogate marker for brain health in clinical practice.
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INTRODUCTION

Recent advancements in ultrasound technology now allow for the precise measurement of
brain pulsations. Indeed, the brain pulsates within the cranial cavity and moves by a few
micrometres with a period of about one second, primarily influenced by heartbeats transmitted
to the brain parenchyma through the arteries. Our team and others have employed ultrasound
measurement of Brain Tissue Pulsations (BTP) to investigate factors associated with BTP
amplitude variations. A wide range of physiological and pathophysiological conditions, including
blood pressure [1], aging [2], brain volume [3;4], cerebrovascular lesions [5;6], visual and
auditory stimulation [7;8], neural activity [2], orthostatic hypotension [1], hypocapnia [9],
and psychiatric disorders like neuroticism and depression [10-12], have been linked to BTP.
However, most previous studies had relatively small sample sizes, and the determinants of
BTP amplitude remain incompletely characterized.

Depression is a severe mental disorder not only because of its dramatically high prevalence
worldwide [13] but also because it exposes to pathophysiological complications such as
cerebrovascular lesions and stroke [14-16]. The mechanisms underlying the depression-
cerebrovascular lesion link are not fully understood, but we have proposed that elevated BTP
amplitudes may contribute to brain tissue damage over time. Indeed, our previous research
observed larger BTP amplitudes in depressed participants compared to healthy controls and
those with past but not current depression [17]. In addition, we observed that BTP amplitudes
decreased after 2 months of a successful antidepressant therapy [18]. Moreover, changes in
BTP can be used as maker for treatment response in depressed participants expose to one
hour of nitrous oxide, a gas with rapid antidepressant properties [19]. Yet, these studies were
limited by small sample sizes and require replication in larger cohorts. Larger studies would
also allow for investigation of potential confounding factors using more robust statistical

models.
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This study aims to pool data from three studies conducted at the same location, all of which
utilized identical BTP measurement procedures and included participants with depression. Our
objectives were threefold: 1) to replicate the finding of increased BTP amplitude in depression
with greater statistical power than previous studies, 2) to investigate potential confounding
factors that might influence the association between depression and BTP, and 3) to confirm

the previously observed relationships between BTP, age, sex, and blood pressure.
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METHODS

1. Participants and study design

Data were pooled from 3 studies (the EMPHILINE study [17], the M-PULSE study [8] and the
BIORESA study [18] - respectively, NCT02026622, NCT03867422 and NCT03118193 on
clinicaltrials.gov) performed in the same location of the Clinical Investigation Centre of the
university hospital of Tours, France. All these 3 studies included the same US procedure to
measure BTP amplitude (notably the same US device and the same operators) at rest and had
the same inclusion criteria for depressed participants and healthy controls.

A total of 123 participants were included in the analyses among which 74 were considered
depressed and 49 healthy controls. All depressed patients had to meet the DSM-IV criteria for
a major depressive disorder as assessed by a trained psychiatrist with a severity score > 20
on the Montgomery-Asberg Depression Rating Scale (MADRS). All control subjects were
recruited from the local community and from the records of the Clinical Investigation Centre
of the Hospital of Tours, France. Non-inclusion criteria for the three trials included any history
of psychiatric or neurological disorders, pregnancy, and legal guardianship. In the first two
trials, individuals with a history of severe cardiovascular disease or currently taking beta-
blockers or psychotropic medications were also excluded. Informed consent was obtained from
all participants in each of these trials, and the local human ethics committee approved the

research protocols.

2. Ultrasound protocol

The US protocol was extensively described elsewhere [19]. It was carried out on an Antares
medical scanner (Siemens Healthcare, Germany) by a biophysics technician trained for Tissue
Pulsatility Imaging (TPI). Transcranial acquisitions were conducted using a PX4-1 phased-array

transducer (Siemens Healthcare; 1.82 MHz emission frequency, 70° field of view, 112 x 3
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elements (1.5D)). Measurements were taken through the right temporal bone window, with
the probe placed perpendicular to the skull and stabilized by a mechanical holder to minimize
artifacts from both operator and subject movements. Subjects were instructed to maintain a
seated position. They were asked to stay still and breathe normally. The US scanner was first
set to Doppler mode for transcranial doppler acquisition. Colour doppler was utilized to align
the US beam with the right middle cerebral artery (MCA). The pulsatility index (PI—ratio of the
difference between maximal and minimal velocities over mean velocity) and the maximum and
mean velocities of the MCA were obtained and automatically calculated by the scanner from a
10-second Doppler sequence. Subsequently, the US scanner was switched to Echo-B mode for
TPI measurements centred on the MCA. To reduce US attenuation, the acquisition depth was
adjusted between 3 and 9 cm. This configuration enabled the exploration of the circle of Willis
and a transversal slice of the temporal hemispheres. For each participant, the protocol included
four 10-second acquisitions that were repeated with an acquisition fame rate of 30/images/s
(total of 297 frames). The US scanner provided direct access to beam-formed radiofrequency
(RF) lines, which were utilized to estimate BTP. The data were then transferred for offline
analysis using MATLAB software (MathWorks, USA).

Our method, as described below, evaluates the z-axis component of brain displacements. The
z-axis is perpendicular to the US probe surface while the x-axis extends along the surface of
the probe. The US firing sequence consists of a series of M broad-view focused pulsing events
transmitted sequentially. Between each firing, the transmission (TX) steering angle 8 (i.e., the
angle of propagation relative to the normal surface of the transducer) is incrementally adjusted
to cover a range of M angles throughout the entire series of pulsing events. For each focused
transmission TX at a specific 6 angle, beamformed IQ data lines are generated from echoes
captured by the transducers. At each time point t, we independently estimate brain tissue

motion at all pixel positions. For a particular pixel of interest located on a US line identified by
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the transmit angle 8, we utilized the temporal lag-one autocorrelation algorithm [20] to
determine the phase shift A® between successive complex IQ data. We employed the modified
version [21] of the Doppler equation used for vector flow estimation, where V is the Doppler
tissue velocity, A the US wavelength, T the IQ temporal discretization interval, iy the direction

of the US propagation in transmit mode TX, and iy the direction of the US RX beamforming.

In our application, these two vectors’ directions are identical and 7i;y = 7igy =7 with 7 =

(sind, cosB). Thus, the phase shift A® estimated by our algorithm expressed:

4nT , , 4nT
Ap =—V.n =

7 — (V.sind + V,cosf)

This Doppler phase shift A® is angle 6 dependent and is also influenced by the lateral tissue
velocity V. Within our applied setting, the circulation of blood causes the brain to swell,
primarily resulting in a radial displacement. Given that the US probe is positioned perpendicular
to the skull, and thus nearly perpendicular to the outer surface of the brain, the ¥, tissue

velocity component aligned with x-axis in equation (2) is minimal, and therefore, it was

disregarded. Consequently, the expression of the Doppler phase shift can be simplified to 4¢ =
%Vzcose, enabling us to calculate the component V, of the brain tissue velocity. u, is the

cumulative displacement along the z-axis and is obtained from the cumulative summation of

1, in the temporal domain.
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We acquired a 3D matrix of BTP, consisting of axial displacements u,(X, z, t) along the z-axis,
x-axis and time t. Subsequently, we examined the temporal evolution of BTP at each position
within the 2D plane.

Two criteria were employed to eliminate artifacts and emphasize physiological signals, which
are presumed to be stable in terms of periodicity and amplitude. The first criterion investigated
the periodicity of brain pulsations and involved the ratio of the second maximum peak to the
central peak (SMP/CP) of the temporal autocorrelation function of each pixel. Records were
validated if the SMP/CP ratio exceeded 0.6 and then subjected to the second criterion. The
second criterion assessed the difference in amplitudes between pulsations in each curve. The
cumulated standard deviation (CSTD) of the pulsations was calculated to assess data
dispersion and normalized to the peak-to-peak amplitude (Umean) of the mean temporal
curve. Records were validated if the CSTD/Umean ratio was less than 0.25; otherwise, they
were rejected. The thresholds for the two criteria were based on previous studies [5;17].
From this final matrix, two curves, MaxBTP and MeanBTP, were extracted, corresponding to
the curve with the maximum mean peak-to-peak amplitude (averaged between cycles) and
the average of all curves in the matrix, respectively. MaxBTP and MeanBTP represent the
pulsatility of the largest artery (i.e., MCA) and the mean pulsatility across the entire acquisition

region, respectively.

3. Statistical analyses

Clinical variables were described and compared according to the presence or absence of a

depressive state. Quantitative variables were described using means and standard derivations
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and compared using a Student’s t-test. Qualitative variables were described by numbers and
percentages and compared using a chi-square test.

We used a multiple linear regression to estimate, in an explanatory analysis, the association
between depression (the independent variable) and MeanBTP and MaxBTP measures (the
dependent variables). The models included adjustments for age, sex, systolic and diastolic
blood pressure measures to account for their potential confounding effect. The model was
tested both in the whole sample and in the depressed and healthy controls sub-groups.
Finally, we tested associations in the depressed sub-group between MeanBTP and MaxBTP with
depression severity (the MADRS) and duration of the episode, using Pearson’s correlation. We
also compared MeanBTP and MaxBTP between antidepressant users and non-users in the

depressed sub-group using a Student’s t-test.
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RESULTS

Demographic and clinical characteristics are shown in Table 1. There was no significant
difference between the depressed and control groups regarding age, sex, systolic and diastolic
blood pressure. Univariate comparison found that MeanBTP was significantly greater in the

depressed group, whereas there was no significant difference in MaxBTP (Figure 1).

Table I - Comparisons of the clinical and ultrasound characteristics between depressed and healthy

control groups. Values are expressed as mean (standard derivation) or n (%). Comparisons were

performed with t-tests (quantitative data) and chi-squared tests (qualitative data).

Depressed Controls p value

(n=74) (n=49)
Age (years) 33.5(13.3) 33.3(11.7) 0.955
Sex (female) 61 (82.4%) 40 (81.6%) 0.910
SBP (mmHg) 122.0 (14.2) 124.1 (16.1) 0.460
DBP (mmHg) 75.5 (11.5) 73.3 (10.3) 0.291
MADRS score 30.5 (4.9) - -
Duration of MDE (weeks) 26.0 (33.0) - -
Antidepressant use 11 (14%) - -
MeanBTP (um) 11.5 (4.3) 9.4 (5.2) 0.014
MaxBTP (um) 81.1 (25.9) 73.8 (27.4) 0.142

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MDE: Major Depressive

Episode; MADRS: Montgomery Asberg Depression Rating Scale; BTP: Brain Tissue

Pulsations.
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Figure 1 - Scatter plots and boxplots of MeanBTP (left) and MaxBTP (right) in the depressed (green)

versus healthy control (HC - orange) groups.

Results of the multiple linear regressions are shown in Table 2. In the whole sample, MeanBTP
(F=3.187, p=0,010) was positively associated with depression (t=2.685, p=0.008) and sex
(male) (t=2.697, p=0.008), whereas MaxBTP (F=7.489, p<0,001) was positively associated
with depression (t=2.220, p=0.028) and sex (male) (t=2.602, p=0.010) and negatively
associated with age (B =-0.266, p=0.003) and diastolic blood pressure (B =-0.370, p=0.008).
In the depressed sub-sample, the only significant association was between MaxBTP and age
(B=-0.288, p=0.018), although there were statistical trends for a negative association between
MaxBTP and diastolic blood pressure (3=-0.331, p=0.082) and for a positive association
between MaxBTP and sex (male) (t=1.693, p=0.095). In the healthy controls sub-group,
MeanBTP was positively associated with sex (male), whereas MaxBTP was negatively
associated with age (=-0.272, p=0.049) and diastolic blood pressure (B=-0.432, p=0.048).
There was also a statistical trend for a positive association between MaxBTP and sex (male)
(t=1.851, p=0.071).

In the depressed sub-sample, we found no association between MeanBTP or MaxBTP and
MADRS (respectively, r=0.014, p=0.909 and r=0.055, p=0.642) or duration of the episode
(respectively, r=-0.185, p=0.114 and r=0.032, p=0.784). There was also no significant

difference in either MeanBTP or MaxBTP between antidepressant users versus non-users
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(respectively, 11.0 (4.3) vs 11.6 (4.3), t=0.437, p=0.663 and 70.4 (26.8) vs 83.0 (25.5),

t=1.495, p=0.139).

Table II - Results of the multiple linear regression analyses that were conducted to examine the
associations between MeanBTP or MaxBTP (dependent variables) and depression (in the whole sample
only), age, sex, systolic blood pressure, and diastolic blood pressure (independent variables) across

the whole sample and within depressed and control subgroups.

Whole sample (n=123)  Depressed sub-sample Controls sub-sample

(n=74) (n=49)

MeanBTP MaxBTP MeanBTP MaxBTP MeanBTP MaxBTP

Depression t=2.685, t=2.220, - - - -
p=0.008 p=0.028

Age 3=0.117, B=-0.266, B=0.037, B=-0.288, B=-0.007, B=-0.272,
p=0.907 p=0.003 p=0.777 p=0.018 p=0.958 p=0.049

Sex (male) t=2.697, t=2.602, t=1.474, t=1.693, t=2.108, t=1.851,
p=0.008 p=0.010 p=0.145 p=0.095 p=0.041 p=0.071

SBP 3=0.085, B=0.177, B=-0.187, B=0.182, B=0.310, B=0.174,
p=0.563 p=0.194  p=0.342 p=0.309 p=0.210 p=0.459

DBP B=-0.116, B=-0.370, B=0.048, B=-0.331, B=-0.213, B=-0.432,

p=0.431 p=0.008 p=0.818 p=0.082 p=0.343 p=0.048

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MDE: Major Depressive
Episode; MADRS: Montgomery Asberg Depression Rating Scale; BTP: Brain Tissue

Pulsations
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DISCUSSION

In this pooled ultrasound data study, we successfully replicated the finding of increased brain
pulsations in depression within a large cohort. Consistent with previous research, univariate
analyses showed that MeanBTP was significantly higher in depressed participants compared to
healthy controls, while MaxBTP did not show a significant association. However, in multivariate
analyses, which accounted for age, sex, and blood pressure, MaxBTP became significantly
associated with depression. Additionally, the association between depression and MeanBTP
was further strengthened when these covariates were included in the multivariate models.
These findings suggest that the relationship between brain pulsations and depression is not
confounded by age, sex, or blood pressure; rather, these variables amplify the association
between BTP and depression, potentially due to strong reciprocal correlations. While age and
blood pressure have been previously identified as robust predictors of BTP [1;2;22], our results
indicate that these variables do not explain the BTP-depression association but instead reveal
a strong and independent influence of depression on brain pulsations.

We replicated the previously reported effect of aging on decreased brain pulsation amplitudes
[2]. Notably, we observed a stronger association with MaxBTP compared to MeanBTP, across
both the entire sample and the two subgroups. Previous research has indicated that aging
primarily impacts larger brain pulsations (MaxBTP) rather than average pulsations (MeanBTP),
suggesting a greater influence on large arteries or brain parenchyma structure. However, it is
essential to note that our study population primarily consisted of young adults, limiting our
ability to assess the full impact of aging in older individuals.

The influence of sex on brain pulsations remains relatively understudied. Our findings indicate
a strong association between male sex and increased brain pulsation amplitudes in both the
total sample and the control subgroup. While there was a statistical trend towards a similar

association in the depressed subgroup for MaxBTP, it did not reach statistical significance.
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Given the higher risk of brain damage, such as stroke, in men compared to women during mid-
life [23], our results suggest that larger brain pulsations in males may contribute to this
increased risk.

Interestingly, MaxBTP was also associated with blood pressure, with diastolic blood pressure
being a stronger predictor than systolic blood pressure. Previous findings demonstrated a
strong negative correlation between BTP and diastolic blood pressure, particularly evident
during orthostatic challenges where BTP consistently decreased with rising diastolic blood
pressure while systolic blood pressure remained relatively stable [18;22]. These observations
align with the previously described influence of pulse pressure on BTP. As diastolic blood
pressure increases and systolic blood pressure remains constant, pulse pressure diminishes,
consequently reducing brain pulsations. Conversely, a decrease in diastolic blood pressure can
lead to increased pulse pressure and larger brain pulsations. This mechanism likely explains
the negative association between diastolic blood pressure and MaxBTP.

We found no association between BTP and depression severity (as assessed by the MADRS),
episode duration, or antidepressant use. This could be attributed to insufficient statistical
power or the absence of a dose-response relationship between BTP and depression severity.
Our findings suggest that all patients with depression, regardless of symptom severity, may
be at risk for brain damage. This implies a need for equal attention to both severe and mild
depression in terms of potential brain health implications.

Limitations of this study include its cross-sectional design, which precludes us from causal
inference. However, our previous longitudinal research observed a decrease in brain pulsations
following clinical improvement in depression after a two-month follow-up. Conversely, brain
pulsations remained elevated in patients with persistent depression, suggesting that elevated
brain pulsations may serve as a state marker for depression. Additionally, the study’s

limitations include the inability to account for potential confounding factors such as brain
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volume, which has been linked to both depression and brain pulsations, due to the absence of

MRI data in a significant portion of the participants.
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CONCLUSION

In conclusion, our findings support the potential of ultrasound-based BTP measurement using
TPI as a valuable marker of brain health, particularly in individuals at risk for brain damage,
such as those with depression, who are susceptible to stroke, white matter lesions, or brain
atrophy. Furthermore, TPI shows promise as a bedside tool for assessing brain health in at-
risk populations, including patients with neuropsychiatric disorders, complementing traditional
methods like blood pressure monitoring and more costly, less accessible neuroimaging
techniques such as MRI. The non-invasive, low-cost, and easily implementable nature of TPI
makes it an attractive option for routine brain health monitoring, enabling the early
identification of individuals with excessive BTP. This could allow for timely interventions aimed
at reducing BTP, potentially mitigating the detrimental effects of excessive brain pulsatility on
brain tissue. However, longitudinal studies in the general population and among patients with

various brain-related conditions are necessary to further substantiate these findings.
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FIGURES

Figure 1 - Scatter plots and boxplots of MeanBTP (left) and MaxBTP (right) in the depressed
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COUVREUR Ugoline

Pulsatilité Cérébrale élevée dans la Dépression : Perspectives d'une Etude de
Cohorte Regroupée en Echographie

Introduction : Une Pulsatilité Cérébrale (PC) excessive, mesurée par échographie, a été associée a la dépression
et pourrait contribuer aux dommages cérébraux chez cette population a risque de lésions cérébrovasculaires.
Cependant, les recherches antérieures étaient limitées par de petites tailles d'échantillons. Pour remédier a cette
limitation, notre travail a regroupé les données de trois études distinctes, constituant ainsi la plus grande cohorte
de participants déprimés avec des mesures de PC a ce jour.

Méthodes : Nous avons analysé 123 participants (74 personnes déprimées, 49 témoins sains) en utilisant
I'Imagerie de la Pulsatilité Tissulaire (TPI) par échographie pour évaluer la PC au repos.

Résultats : Les résultats ont montré que les valeurs moyennes (MeanBTP) et maximales (MaxBTP) de la PC étaient
significativement associées a la dépression, comme déterminé par des modéles de régression linéaire multiple
incluant I'age, le sexe et la pression artérielle comme covariables. De plus, nous avons constaté que I'age, le sexe
et la pression artérielle diastolique étaient des prédicteurs significatifs de la PC. Plus précisément, la PC diminuait
avec |'age, était plus élevée chez les hommes et était mieux prédite par la pression artérielle diastolique que par
la pression systolique.

Conclusion : Dans cette grande cohorte, nous avons confirmé I'association entre dépression et augmentation de
la PC, suggérant que la TPI pourrait servir de marqueur substitutif précieux de la santé cérébrale en pratique
clinique.

Mots-clés : Imagerie de la Pulsatilité Tissulaire ; Pulsatilité cérébrale ; Dépression ; Pression Artérielle

Elevated brain pulsations in depression: insights from a pooled ultrasound cohort
study

Introduction: Excessive Brain Tissue Pulsations (BTP), measured by ultrasound, have been associated with
depression and are hypothesized to contribute to brain damage in this population at risk for cerebrovascular lesions.
However, previous research has been limited by small sample sizes. To address this issue, our study pooled data
from three separate investigations, resulting in the largest cohort of depressed participants with BTP measurements
to date.

Methods: We analysed 123 participants (74 individuals with depression, 49 healthy controls) using ultrasound
Tissue Pulsatility Imaging (TPI) to assess resting BTP.

Results: Results showed that both MeanBTP and MaxBTP were significantly associated with depression, as
determined by multiple linear regression models that included age, sex, and blood pressure as covariates.
Additionally, we found that age, sex, and diastolic blood pressure were significant predictors of BTP. Specifically,
BTP decreased with age, was higher in men, and was more strongly predicted by diastolic blood pressure than by
systolic blood pressure.

Conclusion: In this large cohort, we replicated the association between depression and increased BTP, supporting
the notion that elevated BTP may be a potential mechanism underlying brain damage over time. Our findings
suggest that TPI could serve as a valuable surrogate marker for brain health in clinical practice.

Keywords : Tissue Pulsatility Imaging; Brain Tissue Pulsations; Depression; Blood Pressure
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