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Parkinson’s disease (PD) is a common nervous system disease, mainly

manifested as motor retardation, resting tremor, etc. (1). The clinical features

of early PD patients are not characteristic, and diagnosis is very di�cult. When

obvious PD manifestations are found, the number of dopaminergic neurons

in substantia nigra of patients has been reduced by more than half, and the

treatment is di�cult (2). Early diagnosis or auxiliary diagnosis of PD in clinical

work is crucial for the treatment of PD and the prognosis of patients. In recent

years, cerebral ultrasound has been widely used in the diagnosis and treatment

of some diseases, such as Parkinson’s disease, Alzheimer’s disease, tuberculous

meningitis, brain injury, etc., especially for the study of PD. The European Union

of neuroscience and the latest diagnostic guidelines for PD in China have

confirmed the role of the transcranial sonography (TCS). This article reviews

the recent advances in the study of PD by transcranial sonography.
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Introduction

PD is a common neurodegenerative disease in clinic. In recent years, its incidence

rate is getting higher and younger (1). The gold standard for diagnosing PD is

pathological diagnosis of brain tissue, but it has no significance for the diagnosis and

treatment of PD in practical clinical work. At present, the diagnosis of PD is basically

based on clinical symptoms, that is, motor symptoms and non-motor symptoms. Motor

symptoms include postural balance disorder, motor retardation, myotonia and static

tremor (2). Non motor symptoms mainly include mental symptoms, sleep disorders,

anxiety and depression (3). The early symptoms of PD are not typical, and the clinical

signs and symptoms overlap with other parkinson’s disease syndromes, idiopathic

tremor, and psychogenic dyskinesia, so the diagnosis of PD is indeed a great challenge (4).

At present, the pathogenesis of PD is not clear (5). Some studies have shown that the

substantia nigra (SN) is one of the important structures in the pathophysiology of PD,

and can even be considered as the only credible brain structure closely related to neuron

loss (6). The loss of neurons and the lack of dopamine content in this mesencephalic

nucleus usually lead to the occurrence of dyskinesia (7).
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In 1995, Becker et al. (8) reported SN hyperechogenicity

(SN+) of PD patients for the first time. Many studies have begun

to invest in confirming the significance of TCS in the diagnosis

and differential diagnosis of PD. 70∼90% of PD patients

showed hyperechoic substantia nigra (HSN) on TCS (9). At

present, the latest European Neuroscience Union PD diagnostic

guidelines and Chinese PD diagnostic standards (2016) (10)

have recognized the auxiliary diagnostic value of TCS.

Compared with other examination methods, TCS has

the advantages of non-invasive, convenient, low cost, high

repeatability, non-radiation, and it is easier to be widely used in

clinical work.

Then, we will elaborate on the application and progress of

TSC in PD through the following aspects.

The formation mechanism of SN+

Previous studies reported that iron deposition and

microglial activation played an important role in the HSN

(11). Zecca et al. (12) confirmed the viewpoint that HSN was

associated with local iron deposition in the autopsy study. As

a cofactor of tyrosine hydroxylase, iron is crucial to dopamine

synthesis. Si et al. (13) considered that iron metabolism was

related to PD motor symptoms. However, iron was found in the

human body in a multi-medium form, and not all forms of iron

deposition led to HSN. In some studies, ferritin injected into

the substantia nigra of rats did not show HSN, but free Fe3+

injection caused HSN (14).

Some studies have reported that ceruloplasmin, as an iron

oxidase, can oxidize ferrous ions to Fe3+, which can regulate

the level of intracranial iron by promoting cell transport of

iron ions. The decrease of ceruloplasmin activity may even

lead to iron deposition (15), which can protect tissues from

oxidative damage. Peripheral injection of ceruloplasmin can

reduce neurodegeneration (16). Therefore, the study suggested

that the decrease of ceruloplasmin level and the expression of

HSN could play a role in the early iron deposition of PD patients.

The study found that the increase of ferritin content was

consistent with the progress of PD. The increase of ferritin in

early PD patients was mainly concentrated in melanin granules

of dopaminergic neurons. The gray value of TCS can reflect the

tissue density and ferritin content of ROI, and understand the

changes of PD (17). At the same time, with the development

of computer processing technology in the later stage, the

quantitative analysis of ROI ultrasound gray value can effectively

solve the problem of large subjective visual judgment error and

improve the accuracy of early diagnosis.

The increase of hyperechoic area of substantia nigra was

related to the degree of striatal system damage. With the

aggravation of striatal system damage, the striatal dopaminergic

system showed obvious abnormal changes, which was

FIGURE 1

Normal substantia nigra echo.

considered to be an important reason for the decline of

intelligence and emotional disorder of PD patients (18).

TCS operation method and SN+

determination method

Inspection method of TCS (19): The subject examined is

in the supine position, and examiner presses the probe to the

temporal window of the subject, parallel to the ear line (external

auditory canal and eyes) scan brain horizontal slice, moving

the probe near the temporal window to find the best sound

window position to make the target image as clear as possible.

Freezing the image, examiner manually draws the abnormal

high echo signal to be measured with the cursor, and the

instrument automatically calculates the area. In the midbrain

region, the butterfly shaped midbrain is uniformly hypoechoic,

the surrounding interpedullary cistern is hyperechoic, and

the crescent shaped substantia nigra is uniformly hypoechoic.

Specific cases (20) were shown Figures 1, 2.

At present, the indicators for TCS to determine SN+ in

PD patients include qualitative and quantitative indicators. The

qualitative indicators mainly adopt the classification method

proposed by Bartova et al. (21): Grade I: Uniformly distributed

low echo; Grade II: Scattered dot and thin line slightly high

echo can be seen; Grade III: The echo is patchy and lower

than the echo of the interpedullary cistern; Grade IV: The echo

is patchy and equal to the echo of the interpedullary cistern;

Grade V: The echo is patchy and higher than the echo of the

interpedullary cistern.

There are two commonly used quantitative indicators, one

is the area of SN+, and the other is the ratio of bilateral total

area of SN+ to total area of midbrain (S/M). Huang et al. (22)

considered that the ratio≥7% was positive, and the area of SN+

was mainly 0.18∼0.25 cm2 (23).
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FIGURE 2

Abnormal substantia nigra hyperechogenicity.

SN+ characteristics and influencing
factors of PD patients

Gender

Some studies showed that the reason for the higher

male proportion in the PDSN+ group may involve the

epidemiological characteristics of PD, which could be related

to the higher prevalence of male PD. Another explanation was

that it was affected by estrogen. Related studies (24) found that

estrogen could reduce the iron level in the body, making it

harder for women to accumulate iron.

Non-motor symptom characteristics

PD patients were found with SN+ to be in a later H–Y

(Hoehn and Yahr scale) stage. One study (25) found that

iron may be able to induce dopaminergic neurodegeneration

through neuroinflammatory mechanism, mediated by microglia

hyperactivation and neurotoxic factors, and microglial

activation can drive disease progression, which may lead to

SN+ PD patients in late H–Y stage, and its disease progressed

rapidly. However, in earlier H–Y stage of PD patients, this

effect may not be obvious. The research results showed that the

PDSN+ group had lower scores on the MoCA score (Montreal

Cognitive Assessment Form) than the PDSN– group, indicating

that the PDSN+ group had more severe cognitive impairment.

Non-motor symptoms of PD have a complex pathogenesis,

and there are two pathways in the brain thought to be related

to cognitive function, namely the meso-limbic pathway and

a cortical pathway (26) in the meso-limbic system. Among

them, the meso-limbic system-cortical pathway also contains

dopamine neurons. If it is damaged, the dopamine contents

will decrease, which can lead to damage in cognitive function

such as memory. Thus, the depletion of dopamine triggers

an enhanced echogenicity in the substantia nigra, and the PD

patients with SN+ show a more severe cognitive dysfunction.

Stability

The relationship between SN echo and apoptosis of

dopaminergic neurons is very complex, which does not

reflect the degree of apoptosis or the number of remaining

dopaminergic neurons, and may only be a relatively stable signal

of substantia nigra lesions earlier in the disease. In some follow-

up study (27) lasting 3 or even 8 years, SN echo remained

relatively stable during the course of the disease, and failed to

detect a significant change in echo grade even with two interval

measurements. These results suggested that disease duration

could not be a determinant factor in iron deposition in the

substantia nigra and associated abnormal echo enhancement in

PD patients.

Asymmetry

Studies showed that PD was usually an asymmetric disease

(28). Some reports found that SN+ in PD patients was unevenly

distributed between the left and right sides, and that the left SN+

area was almost always greater than that in the right (29), which

may be the reason for more dopamine metabolism in the left SN

than on the right side (30). Kempster et al. (31) found a more

significant loss of dopaminergic neurons in initiating SN+ than

in non-initiating SN+.

The value of SN+ in the diagnosis of PD

In recent years, TCS has been widely applied to neurological

diseases. Some studies found that TCS could reflect the specific

physiological and pathological processes of substantia nigra in

PD patients. SN+ was an early marker of nigrostriatal damage,

and it was a susceptibility risk factor for PD, so the significance

of substantia nigra hyperechogenicity in PD had been gradually

recognized (32).

With the deepening of research, it was found that in

the early stage of PD, non-motor symptoms would appear,

mainly including the rapid eye movement period of behavior

disorders, olfactory disorders, and autonomic symptoms.

Therefore, finding clinical markers of non-motor symptoms

was particularly important when Parkinson was in its early

stage (33). In the study, when transcranial ultrasound combined

with non-motor symptoms evaluation to diagnose Parkinson’s

disease, the diagnostic sensitivity, specificity and positive
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predictive value improved, indicating that the diagnostic

accuracy increased (34).

Studies showed that hyperechogenicity of the substantia

nigra can reflect the severity of the disease, and it was somewhat

associated with the duration of the disease and the age of patients

(35). In the early stage, hyperechogenicity indicated the primary

PD, and it suggested an atypical PD if it appeared hypoechoic

in the substantia nigra or with a hyperechoic biconvex nucleus

(36). Therefore, the TCS technology can play an important role

in monitoring the high-risk PD population in real time.

Some studies showed that the ratio of substantia nigra

hyperechogenic area and midbrain area (S/M) can reflect the

ROI cell arrangement and structure state. The increased ratio

indicated that the abnormal cell function continued, the number

of cell necrosis and apoptosis increased, and the risk of softening

and calcification increased. Therefore, with the longer duration

of patients, the ratio of S/M gradually increased, and the

neurological damage further aggravated (28).

One study (37), the subjects were divided into PD patients

HSN group, NSN group and healthy control group. The level

of ceruloplasmin was lower in the HSN group and in the NSN

group than in the control group, and the proportion of patients

with ceruloplasmin levels below the normal range was higher in

the HSN group than in the NSN group. Transferrin levels were

inversely associated with HSN area. Decreased ceruloplasmin

levels may be a factor contributing to the development of HSN

in PD patients, and the HSN area was inversely correlated with

transferrin levels.

A previous study showed that using the hypechoic area of

≥0.20 cm2 in substantia nigra as the gold standard for diagnosis,

the specificity of TCS diagnosis was 83.4%, a sensitivity of 97.7%,

a positive predictive value of 92.9%, and an accuracy of 88.3%

(38). There were studies found that prolonged T2 signal was seen

(39) on head MRI in people with enhanced echogenicity, which

indicated that enhanced echogenicity of SN may be related to

iron content. Riederer et al. (40) found that increased iron levels

early in the course of PD were initially localized to melanin

granules in DA ergic neurons, and that increased ferritin levels

were consistent with the progression of the course of PD disease.

Therefore, it was suggested that echogenic change in substantia

nigra was mainly related to (41) with changes in tissue iron and

neuromelanin content.

The value of SN+ in the di�erential
diagnosis of PD

Identification of PD and essential tremor
(ET)

Previous studies showed that TCS played an important role

in the differential diagnosis of PD and ET, with its sensitivity,

specificity, and positive predictive values of 75∼86, 84∼93,

and 91∼95% (42), respectively. After a systematic review and

meta-analysis of the differential diagnosis of SN+ for PD

with TCS, Shafieesabet et al. (43) concluded that SN+ had

75% sensitivity and 70% specificity in distinguishing PD from

atypical parkinson’s syndrome. The sensitivity and specificity

in identifying PD from essential tremor were 78 and 85%,

respectively, and although the sensitivity and specificity didn’t

meet the optimal standard, the TCS examination could identify

PD from motor disorder diseases with similar symptoms,

especially for the identification of atypical parkinson’s syndrome.

Identification of PD and Parkinson’s
superposition syndrome

Walter et al. (9) found that using TCS to detect SN+

played an important role in the early differential diagnosis of

PD and Parkinson’s superposition syndrome with sensitivity,

specificity, positive predictive value, negative predictive value

and diagnostic accuracy were 94.8, 90, 97.4, 81.8, and

93.9%, respectively.

Another study found that the sensitivity, specificity,

positive predictive value, negative predictive value and

diagnostic accuracy of hyperechogenicity in lenticular

nucleus under TCS for early differential diagnosis of PD

and Parkinson’s syndrome were 66.7, 68.6, 35.3, 88.9, and 68.2%,

respectively (44).

Identification of PD and vascular
Parkinson’s syndrome (VP)

Venegas Franke (45) reviewed that compared with PD

patients, most VP patients had normal echo in the substantia

nigra of the midbrain. Compared with patients with Parkinson’s

Superposition Syndrome, the echo of basal ganglia in VP

patients was also normal. In addition, TCS could also monitor

the degree of vascular stenosis in patients. Combined with the

above indicators, TCS had a high specificity in the diagnosis of

VP, so TCS played an important role in the differential diagnosis

of PD and VP.

Di�erential identification between PD
and depression

Usually SN+ was more common in PD patients, but

not in depressed patients. If the SN of PD patients was

hyperechogenicity and was accompanied by depressive

symptoms, the depressive symptoms can be regarded as a

concomitant symptom of PD or a non-motor symptom (46) in

the early stage of PD.
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Limitations

The clinical application of TCS also has limitations: (1) some

subjects have too small temporal windows, and TCS cannot

detect clear midbrain echo. The penetration of temporal window

is affected by age, gender, and race. Somen studies showed that

15–30% of Asians cannot detect nigra due to poor temporal

window penetration, especially in elderly women. Because of the

decreased estrogen secretion after menopause, poor temporal

window penetration was more common than male patients

of the same age (47); (2) TCS depends on the proficiency

of operation and diagnostic physicians, and has a subjective

tendency; and (3) the standard is not yet unified.

Future and challenge

In the future, we hope that the ultrasound equipment can

be more refined, so as to make up for the disadvantage that

some subjects cannot carry out normal examination. During

various parameter measurement processes, it is hoped that

AI technology can be used to reduce the error of manual

measurement. Finally, it is hoped that clinical workers will

conduct more clinical research, so as to develop unified TCS

standards, and better apply them in the diagnosis and treatment

of PD.
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M, et a1. Transeranial sonography and the pocket smell test in the differential
diagnosis between parkinson’s disease and essential tremor. Neurol Sci. (2015)
36:1403–10 doi: 10.1007/s10072-015-2152-y

28. Berardelli A, Wenning GK, Antonini A, Berg D, Bloem BR, Bonifati V, et al.
EFNS/MDS-ES recommendations for the diagnosis of Parkinson’s disease. Eur J
Neurol. (2013) 20:16–34. doi: 10.1111/ene.12022

29. Vázquez-Costa JF, Tembl JI, Fornés-Ferrer V, Cardona F, Morales-
Caba L, Fortea G, et al. Genetic and constitutional factors are major
contributors to substantia nigra hyperechogenicity. Sci Rep. (2017)
7:7119. doi: 10.1038/s41598-017-07835-z

30. Xu X, Wang Q, Zhang M. Age, gender, and hemispheric differences in
iron deposition in the human brain: an in vivo MRI study. Neuroimage. (2008)
40:35–42. doi: 10.1016/j.neuroimage.2007.11.017

31. Kempster PA, Gibb WR, Stern GM, Lees AJ. Asymmetry of substantia nigra
neuronal loss in Parkinson’s disease and its relevance to themechanism of levodopa
related motor fluctuations. J Neurol Neurosurg Psychiatry. (1989) 52:72–6.

32. Irwin I, Iangston JW. Endogenous toxins as potential etiologic agents in
Parkinson’s disease. Etiol Parkinson’s Dis. (1995) 1995:153–202.

33. Pan H, Wang S, Li H. The role and significance of serum lipids,
uric acid and hypersensitive C-reactive protein in patients with Parkinson’s
disease before and after cognitive therapy. Pract J Clin Med. (2018) 15:36–9.
doi: 10.3969/j.issn.1672-6170.2018.06.011

34. Fu L. Diagnostic value of transcranial black matter ultrasound and non-
motor symptom assessment in early Parkinson’s disease patients.Guide ChinaMed.
(2020) 18:133–4. doi: 10.369/j.issn.1671-8194.2020.19.0133.02

35. Behnke S, Pilotto A, Liepelt-Scarfone I, Yilmaz R, Pausch C, Dieterich S,
et al. Third ventricular width assessed by transcranial ultrasound correlates with
cognitive performance in Parkinson

′

s disease. Parkinsonism Relat Disord. (2019)
7:68–73. doi: 10.1016/j.parkreldis.2019.07.005

36. Karakatsani ME, Wang S, Samiotaki G, Kugelman T, Olumolade OO, Acosta
C, et al. Amelioration of the nigrostriatal pathway facilitated by ultrasound-
mediated neurotrophic delivery in early Parkinson

′

s disease. J Control Release.
(2019) 10:289–301. doi: 10.1016/j.jconrel.2019.03.030

37. Song X, Zhang Y, Feng X. Correlation between hyperechogenic substantia
nigra and iron metabolism in Parkinson’s disease. Chin J Med Imag. (2021) 29:968–
73. doi: 10.3969/j.issn.1005-5185.2021.10.003

38. Gaenslen A, Unmuth B, Godau J, Liepelt I, Di Santo A, Schweitzer KJ,
et al. The specificity and sensitivity of transcranial ultrasound in the differential
diagnosis of Parkinsonjs disease: a prospective blinded study. Lancet Neuml. (2008)
7:417–24. doi: 10.1016/S1474-4422(08)70067-X

39. Boelmans K, Bodammer NC, Suchorska B, Kaufmann J, Ebersbach G,
Heinze HJ, et a1. Diffusion tensor imaging of the corpus callosum differentiates
corticobasal syndrome from Parkinsor’s disease Parkinsonism. Relat Disord. (2010)
16:498–502. doi: 10.1016/j.parkreldis.2010.05.006

40. Riederer P, Dirr A, Goetz M, Sofic E, Jellinger K, Youdimt MB. Distribution
ofIron in different brain regions and subcellular compartments in Parkinson’s
disease. J Ann Neurol. (2012) 32:s101–4. doi: 10.1002/ana.410320717

41. Berg D, Grote C, Rausch WD, Mäurer M, Wesemann W, Riederer P, et
a1. Iron accumulation in the substantia nigra in rats visuaIized by ultrasound.
Ultrasound Med Biol. (1999) 25:901–4.

42. Sadowski K, Serafin-Król M, Szlachta K, Friedman A. Basal
ganglia echogenicity in tauopathies. J Neural Transm. (2015) 122:863–
5. doi: 10.1007/s00702-014-1310-3

43. Shafieesabet A, Fereshtehnejad SM, Shafieesabet A, Delbari A, Baradaran
HR, Postuma RB, et al. Hyperechogenicity of substantia nigra for differential
diagnosis of Parkinson’s disease: a metaanalysis. Parkinsonism Relat Disord. (2017)
42:1–11. doi: 10.1016/j.parkreldis.2017.06.006
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