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Abstract: Parkinson’s disease (PD) is a common neurodegenerative disorder associated with gray matter atrophy. 
The human nucleus accumbens (NA) is a major part of the ventral striatum and modulator of the reward network of 
the brain. It plays an important role in several cognitive and emotional functions. In patients with PD, dysfunction of 
this nucleus is correlated not only with movement disorders but also with various neuropsychological deficits and 
psychiatric symptoms. The human NA suffers atrophy in PD, which is called Mavridis’ atrophy (MA), a well estab-
lished characteristic of PD that was first described 10 years ago. The purpose of this article is to review the current 
knowledge regarding the clinical significance of MA. We currently know that it begins in early-stage PD patients, 
precedes clinical phenotype, and is part of the degeneration of the dopaminergic nigrostriatal system in these pa-
tients. MA has several clinical consequences. It is, more specifically, associated with the expression (and severity) of 
specific neuropsychiatric PD symptoms, namely cognitive impairment, apathy, disinhibition, and impulsive behavior, 
while its association with motor symptoms remains unclear. MA was recently suggested as a marker of global dys-
function in the mesocorticolimbic network. With new research data, new questions about MA emerge and further 
research is obviously necessary in order to effectively apply MA, as an imaging finding, to clinical practice.
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Introduction

Parkinson’s disease (PD) is a common neuro-
degenerative disorder associated with gray 
matter atrophy [1]. It is an archetypal disorder 
of dopamine dysfunction characterized by 
motor, cognitive, behavioral and autonomic 
symptoms. Besides motor manifestations, neu-
ropsychiatric symptoms occur in the majority of 
patients. The latter include dementia and cog-
nitive impairment, depression, dysthymia, anxi-
ety disorders, psychosis, apathy, sleep disor-
ders, sexual disorders and treatment-related 
psychiatric symptoms. Neuropsychiatric symp-
toms in PD significantly affect mortality, dis-
ease progression and patients’ and caregivers’ 
quality of life [2].

The striatum belongs to the basal ganglia sys-
tem and is critically involved in motor functions 
and motivational processes. The dorsal stria-
tum is central to the motor control and motor 

learning and the ventral striatum, particularly 
the nucleus accumbens (NA), is essential for 
motivation and the reward system. This system 
is dysfunctional in movement disorders, such 
as PD, and in psychiatric disorders [2].

The human NA is a major part of the ventral 
striatum [2] and is considered to be a modula-
tor of the brain’s reward network. Some authors 
consider the NA as a node between executive 
control network and reward network through its 
projection to the frontal cortex and limbic path-
way. It therefore plays an important role in sev-
eral cognitive and emotional functions [3]. In 
patients with PD, dysfunction of this nucleus is 
correlated not only with movement disorder but 
also with various neuropsychological deficits 
and psychiatric symptoms [3].

The human NA suffers atrophy in PD, which is 
called Mavridis’ atrophy (MA) [2, 4-7], a finding 
that was first described 10 years ago [8]. In the 

http://www.AJND.us


Mavridis’ atrophy: 10 years later

18 Am J Neurodegener Dis 2022;11(2):17-21

light of recent research data over the last 
decade, the purpose of this article is to review 
the current knowledge regarding the clinical 
significance of MA.

Nucleus accumbens atrophy in Parkinson’s 
disease

MA begins in early-stage PD patients and is  
correlated with psychiatric and cognitive symp-
toms that occur in PD, mainly apathy and impul-
sive behavior. As a pathological process, it is 
part of the degeneration of the dopaminergic 
nigrostriatal system in PD patients and, thus, 
precedes clinical phenotype [7].

Recent volumetric imaging studies have con-
firmed shrinkage of the NA, among other nuclei, 
in patients with PD, even in those without cog-
nitive impairment [9, 10]. Nyberg et al. (2015) 
found a significant shape difference in the ri- 
ght NA between PD patients and controls and 
between different motor subtypes (i.e., tremor 
dominant and postural instability gait domi-
nant) [1]. Shape differences were driven by 
positive deviations in the tremor dominant sub-
type. The authors suggested that their findings 
may be related to the effects of chronic dopa-
minergic replacement on the mesolimbic path-
way [1]. Interestingly, imaging alterations of the 
NA have also been revealed in atypical parkin-
sonian syndromes [11]. At a molecular level, 
genetic factors associated with PD can affect 
α-synuclein expression in the NA [12].

Mak et al. (2015), found that, at baseline, 
patients with PD and mild cognitive impair-
ment, which is associated with progression to 
dementia, demonstrated widespread cortical 
thinning compared to controls and atrophy of 
the NA compared to both controls and sub- 
jects with PD with no cognitive impairment [13]. 
In peri-operative studies of patients with PD,  
it has been shown that the left NA volume 
appears to be correlated with cognitive decline 
after bilateral stimulation of the subthalamic 
nucleus [14]. Atrophy of the left NA (and frontal 
cortical areas) has also been associated with 
mild cognitive impairment in patients with PD 
[14]. It seems, however, that left NA atrophy is 
not the real cause of cognitive decline, rather a 
“marker” of global dysfunction in the mesocor-
ticolimbic network. This is further supported by 
the correlation of left NA atrophy with atrophy 
of the left orbitofrontal cortex [14].

NA and frontotemporal (mainly frontal) cortical 
atrophy, independently contribute to neuropsy-
chiatric symptoms of patients with PD [15]. 
Apathy is a common neuropsychiatric distur-
bance in PD patients. A combination of impaired 
reward processing and compromised mesocor-
ticolimbic pathways could explain the clinical 
expression of apathy in PD patients [16]. Mar- 
tinez-Horta et al. (2017) found significant vol-
ume loss of the left NA in non-demented, non-
depressed PD patients with apathy [16]. MA 
has also been found to correlate with the pres-
ence and severity of disinhibition in patients 
with PD [15]. Finally, impulse control disorders 
occur in a subset of patients with PD who are 
receiving dopamine replacement therapy [17]. 
Although MA has been correlated with impul-
sive behavior [7], Pellicano et al. (2015) found 
volume loss in the NA of PD patients with or 
without impulse control disorders compared to 
control group [17].

More recently, Tinaz et al. (2021) investigated 
the neural correlates of subclinical neuropsy-
chiatric PD symptoms in relation to motor and 
cognitive symptoms and found subcortical 
changes including amygdala and ΝΑ atrophy, 
and greater pallidal volume [18]. In their study, 
reduced functional connectivity in the limbic 
cortical-striatal circuits was associated with a 
more impaired neuropsychiatric profile [18]. 
Abnormal functional connectivity of distinct 
neural circuits is present even at the subclini- 
cal stage of neuropsychiatric symptoms in PD. 
Neuropsychiatric phenotyping is important and 
may facilitate early interventions to modify 
these circuits and delay/prevent clinical symp-
tom onset [18].

Additionally, Tremblay et al. (2021) studied par-
kinsonic and healthy individuals and found that 
atrophy significantly progressed over two and 
four years in the caudate, NA, hippocampus 
and posterior cortical regions. This atrophy’s 
progression was shaped by both structural and 
functional brain connectivity and was more 
prominent in regions with higher expression of 
genes related to synapses and inversely relat-
ed to the prevalence of oligodendrocytes and 
endothelial cells [19]. Their findings demon-
strate that the progression of atrophy in PD is in 
line with the prion-like propagation hypothesis 
of α-synuclein and provide evidence that syn-
apses may be especially vulnerable to synucle-
inopathy [19].
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Tupe-Waghmare et al. (2021) explored the fea-
sibility of radiomics features (extracted from 
T1-weighted magnetic resonance images) to 
differentiate PD from atypical parkinsonian 
syndromes [20]. Among their findings, they fo- 
und that features extracted from the ventral 
diencephalon and NA were useful for the clas-
sification of PD and atypical parkinsonian syn-
dromes. They supported that radiomics may 
aid in the clinical diagnosis of PD and atypical 
parkinsonian syndromes, which may often be 
indistinguishable at early stages of the disease 
[20].

Cerebral small-vessel disease is a risk factor 
for dementia in PD [21]. Foo et al. (2016) fo- 
und that PD patients who suffered cerebral 
small-vessel disease progression had reduced 
volumes in the ΝΑ at baseline [21]. It should be 
further noted that, in Alzheimer’s disease, emo-
tion processing deficits have been associated 
with atrophy in several brain regions, including 
the NA bilaterally [22]. Finally, NA atrophy has 
also been observed in Huntington’s disease 
[23, 24] and is associated with burden of the 
disease [23].

Table 1 summarizes our current understand- 
ing of the clinical significance of MA. Scientific 
data from studies over the last decade have 
improved our knowledge regarding the role  
of MA in PD. We nowadays know, for example, 
that MA is associated with the expression  
(and severity) of specific neuropsychiatric PD 
symptoms, such as cognitive impairment, apa-
thy, disinhibition, and impulsive behavior (Table 
1). The potential association of MA with motor 
symptoms, however, remains unclear. Regar- 
ding its pathophysiology, degeneration of the 
dopaminergic nigrostriatal system seems to  
be the key process that leads to MA. Further- 

is also no published research at the moment 
towards the clinical use of MA. With new re- 
search data, new questions about MA emerge. 
Could, for example, NA atrophy be a real marker 
of a clinically meaningful cognitive decline after 
deep brain stimulation [14]? Why some studies 
show lateralization of MA (to the right or left 
side) whereas other do not confirm that? Addi- 
tionally, as current magnetic resonance imag-
ing protocols are not capable of describing 
exact pathological changes, future neuropatho-
logical studies may be able to improve our 
understanding of parkinsonian syndromes’ 
pathophysiology [11]. And from a molecular 
perspective, it has to be further studied wheth-
er, for example, the polymorphisms affecting 
the expression of α-synuclein in NA (and hippo-
campus) can by themselves induce protein 
aggregation and cell toxicity [12]. As MA is a 
new research finding of the current century,  
further research is obviously mandatory and 
should focus, in our opinion, on potential clini-
cal applications of MA as an imaging finding 
(e.g. as a prognostic factor).

Conclusion

MA is nowadays a well established characteris-
tic of PD with several clinical consequences. Its 
main pathophysiological mechanism seems to 
be degeneration of the dopaminergic nigrostri-
atal system. It is associated with the expres-
sion (and severity) of specific neuropsychiatric 
PD symptoms, namely cognitive impairment, 
apathy, disinhibition, and impulsive behavior, 
while its association with motor symptoms 
remains unclear. MA was recently suggested  
as a marker of global dysfunction in the meso-
corticolimbic network. New research data bring 
new questions about MA to light and further 
research is obviously necessary in order to 

Table 1. Summary of the clinical significance of MA
► It is part of the degeneration of the dopaminergic nigrostriatal system.
► It is a marker of global dysfunction in the mesocorticolimbic network.
► It begins in early-stage PD.
► It precedes clinical phenotype.
► It is correlated with mild cognitive impairment.
► It is correlated with apathy.
► It is correlated with (the presence and severity of) disinhibition.
► It is correlated with impulsive behavior.
► It is correlated with cerebral small-vessel disease progression.
MA, Mavridis’ atrophy; PD, Parkinson’s disease.

more, considering the MA as 
a potential biomarker, it has 
already been suggested as a 
marker of global dysfunction 
in the mesocorticolimbic net-
work [14] (Table 1).

How intrinsic properties of 
the brain such as anatomical 
connectivity, local cell-type 
distribution and gene expres-
sion combine to determine 
the pattern of PD progression 
remains unknown [19]. There 
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effectively apply MA, as an imaging finding, to 
clinical practice.

Disclosure of conflict of interst

None.

Address correspondence to: Dr. Ioannis N Mavridis, 
“C.N.S. Alliance” Research Group, 12 Eleftherias 
street, Althea, Kropia 19400, Athens, Greece. 
E-mail: pap-van@otenet.gr

References

[1] Nyberg EM, Tanabe J, Honce JM, Krmpotich T, 
Shelton E, Hedeman J and Berman BD. Mor-
phologic changes in the mesolimbic pathway 
in Parkinson’s disease motor subtypes. Parkin-
sonism Relat Disord 2015; 21: 536-540.

[2] Mavridis IN. Mavridis’ Atrophy. Parkinsonism: 
etiologies, diagnosis and medical manage-
ment. In: Fisher C, editor. Neurodegenerative 
diseases-laboratory and clinical. New York: 
Nova Biomedical-Nova Science Publishers; 
2015. pp. 67-86.

[3] Pessoa L. How do emotion and motivation di-
rect executive control? Trends Cogn Sci 2009; 
13: 160-166.

[4] Mavridis IN. Nucleus accumbens and Parkin- 
son’s disease: exploring the role of Mavridis’ 
atrophy. OA Case Rep 2014; 3: 35.

[5] Mavridis IN. Mavridis’ atrophy in Parkinson’s 
disease: “the peak of the iceberg”. J Transl Int 
Med 2015; 2: 124-126.

[6] Mavridis IN. Is nucleus accumbens atrophy 
correlated with cognitive symptoms of Parkin- 
son’s disease? Brain 2015; 138: e319.

[7] Mavridis IN and Pyrgelis ES. Mavridis’ atrophy 
in Parkinson’s disease-five years later: future 
perspectives. World J Neurol 2015; 5: 1-4.

[8] Mavridis I, Boviatsis E and Anagnostopoulou S. 
The human nucleus accumbens suffers par-
kinsonism-related shrinkage: a novel finding. 
Surg Radiol Anat 2011; 33: 595-599.

[9] Tanner JJ, McFarland NR and Price CC. Stria- 
tal and hippocampal atrophy in idiopathic Par-
kinson’s disease patients without dementia: a 
morphometric analysis. Front Neurol 2017; 8: 
139.

[10] Thaler A, Kliper E, Maidan I, Herman T, Rosen-
berg-Katz K, Bregman N, Gurevich T, Shiner T, 
Hausdorff JM, Orr-Urtreger A, Giladi N and 
Mirelman A. Cerebral imaging markers of GBA 
and LRRK2 related Parkinson’s disease and 
their first-degree unaffected relatives. Brain 
Topogr 2018; 31: 1029-1036.

[11] Wang EW, Du G, Lewis MM, Lee EY, De Jesus S, 
Kanekar S, Kong L and Huang X. Multimodal 

MRI evaluation of parkinsonian limbic patholo-
gies. Neurobiol Aging 2019; 76: 194-200.

[12] Marchese D, Botta-Orfila T, Cirillo D, Rodriguez 
JA, Livi CM, Fernández-Santiago R, Ezquerra 
M, Martí MJ, Bechara E and Tartaglia GG. Dis-
covering the 3’ UTR-mediated regulation of al-
pha-synuclein. Nucleic Acids Res 2017; 45: 
12888-12903.

[13] Mak E, Su L, Williams GB, Firbank MJ, Lawson 
RA, Yarnall AJ, Duncan GW, Owen AM, Khoo TK, 
Brooks DJ, Rowe JB, Barker RA, Burn DJ and 
O’Brien JT. Baseline and longitudinal grey mat-
ter changes in newly diagnosed Parkinson’s 
disease: ICICLE-PD study. Brain 2015; 138: 
2974-2986.

[14] Planche V, Munsch F, Pereira B, de Schlichting 
E, Vidal T, Coste J, Morand D, de Chazeron I, 
Derost P, Debilly B, Llorca PM, Lemaire JJ, 
Marques A and Durif F. Anatomical predictors 
of cognitive decline after subthalamic stimula-
tion in Parkinson’s disease. Brain Struct Funct 
2018; 223: 3063-3072.

[15] Ye BS, Jeon S, Yoon S, Kang SW, Baik K, Lee Y 
and Chung SJ. Effects of dopaminergic deple-
tion and brain atrophy on neuropsychiatric 
symptoms in de novo Parkinson’s disease. J 
Neurol Neurosurg Psychiatry 2018; 89: 197-
204.

[16] Martinez-Horta S, Sampedro F, Pagonabarraga 
J, Fernandez-Bobadilla R, Marin-Lahoz J, Riba J 
and Kulisevsky J. Non-demented Parkinson’s 
disease patients with apathy show decreased 
grey matter volume in key executive and re-
ward-related nodes. Brain Imaging Behav 
2017; 11: 1334-1342.

[17] Pellicano C, Niccolini F, Wu K, O’Sullivan SS, 
Lawrence AD, Lees AJ, Piccini P and Politis M. 
Morphometric changes in the reward system of 
Parkinson’s disease patients with impulse 
control disorders. J Neurol 2015; 262: 2653-
2661.

[18] Tinaz S, Kamel S, Aravala SS, Sezgin M, Elfil M 
and Sinha R. Distinct neural circuits are asso-
ciated with subclinical neuropsychiatric symp-
toms in Parkinson’s disease. J Neurol Sci 
2021; 423: 117365.

[19] Tremblay C, Rahayel S, Vo A, Morys F, Shafiei G, 
Abbasi N, Markello RD, Gan-Or Z, Misic B and 
Dagher A. Brain atrophy progression in Parkin-
son’s disease is shaped by connectivity and 
local vulnerability. Brain Commun 2021; 3: 
fcab269.

[20] Tupe-Waghmare P, Rajan A, Prasad S, Saini J, 
Pal PK and Ingalhalikar M. Radiomics on rou-
tine T1-weighted MRI can delineate Parkin-
son’s disease from multiple system atrophy 
and progressive supranuclear palsy. Eur Radiol 
2021; 31: 8218-8227.

mailto:pap-van@otenet.gr


Mavridis’ atrophy: 10 years later

21 Am J Neurodegener Dis 2022;11(2):17-21

[21] Foo H, Mak E, Yong TT, Wen MC, Chander RJ, 
Au WL, Tan L and Kandiah N. Progression of 
small vessel disease correlates with cortical 
thinning in Parkinson’s disease. Parkinsonism 
Relat Disord 2016; 31: 34-40.

[22] Kumfor F, Sapey-Triomphe LA, Leyton CE, 
Burrell JR, Hodges JR and Piguet O. Degrada-
tion of emotion processing ability in cortico-
basal syndrome and Alzheimer’s disease. 
Brain 2014; 137: 3061-3072.

[23] Chen SJ, Lee BC, Lee NC, Chien YH, Hwu WL 
and Lin CH. Clinical, radiological, and genetic 
characteristics in patients with Huntington’s 
disease in a Taiwanese cohort. Am J Med Gen-
et B Neuropsychiatr Genet 2020; 183: 352-
359.

[24] Muller HP, Huppertz HJ, Dreyhaupt J, Ludolph 
AC, Tabrizi SJ, Roos RAC, Durr A, Landwehr- 
meyer GB and Kassubek J. Combined cerebral 
atrophy score in Huntington’s disease based 
on atlas-based MRI volumetry: sample size cal-
culations for clinical trials. Parkinsonism Relat 
Disord 2019; 63: 179-184.


