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Abstract

Over the past 20 years transcranial B-mode sonography (TCS) of brain parenchyma is being
increasingly used as a diagnostic tool in movement disorders. The most widely recognised finding for
movement disorders has been an increase in echogenicity of the substantia nigra, an area of the
midbrain that is affected in idiopathic Parkinson’s disease (IPD). This finding has enabled a reliable
diagnosis of IPD with high predictive values. Other sonographic features - such as hypoechogenicity of
the brainstem raphe and hyperechogenicity of the lentiform nucleus - might help to increase the
differential diagnosis of IPD and other movement disorders. In comparison with other neuroimaging
modalities such as magnetic resonance imaging (MRI) and computed tomography (CT), TCS can
currently be performed with portable machines and has the advantages of non-invasiveness with high
resistance to movement artifacts. In distinct brain disorders TCS detects abnormalities that cannot be
visualized - or can only be visualized with significant effort - with other imaging methods. This present
update summarizes the current methodological standards and defines the assessment of diagnostically
relevant deep brain structures such as substantia nigra, brainstem raphe, basal ganglia and ventricles

ISSN: 2057-3782 (Online) 110
http://dx.doi.org/10.17229/;dit.2014-1113-008


http://www.openmedscience.com/
mailto:Massimiliano.godani@asl5.liguria.it

Journal of Diagnostic Imaging in Therapy. 2014; 1(1): 110-128 Godani et al.

for differential diagnosis of IPD and other movement disorders. Finally, we provide detailed

information about the advantages and limitations of this novel neuroimaging method.

Keywords: transcranial sonography; Parkinson’s disease; atypical parkinsonian syndromes;

secondary parkinsonian syndromes

Introduction

The diagnosis of idiopathic Parkinson’s disease (IPD) and other movement disorders such as atypical
parkinsonian syndromes (aPS) and secondary parkinsonian syndromes (sPS), is based on clinical
criteria [1,2]. These diseases differ considerably in their prognosis and treatment options; in addiction
postmortem studies showed that IPD-specific pathologic features predate the onset of diagnostic
clinical features by many years [3,4]. Therefore an early correct diagnosis is of critical importance.
However, the distinction between the different parkinsonian disorders - purely on clinical grounds may
be difficult, especially in the early course of the disease [5,6].

Several sophisticated neuroimaging methods, such as cranial computed tomography (CCT), magnetic
resonance imaging (MRI), single photon emission computed tomography (SPECT) and positron
emission tomography (PET), are widely used to discriminate between IPD and ET or other forms of
parkinsonism (aPS and sPS). However, the sensitivity and specificity of these techniques are not
sufficiently high [7-9].

Specifically, SPECT scans are most widely used in routine clinical practice to diagnose IPD.
Nevertheless, a substantial fraction of patients with early IPD have normal scans [9]. Recently the
advent of hybrid SPECT/CT imaging has increased the diagnostic value of this modality [10]. FDG-
PET reliably discriminates with high specificity between distinct aPS subgroups like MSA, PSP and
CBD [11,12]. Nonetheless, the broad application of this imaging method for all patients, even those in
the early stages of the disease, is limited by availability, costs and the consequent risks of
administering radioactive tracers [13].

Consequently, the search for a cheaper, more reliable and patient-friendly technique to diagnose IPD
and to differentiate between the range of parkinsonian disorders has thus continued over the past
decade. Transcranial B-mode sonography (TCS) of the substantia nigra (SN) has emerged as a

promising tool in this regard.

TCS was initially developed for evaluating cerebrovascular disorders [14]. Since the mid-1990s,
however, TCS has allowed the visualization of the main brain parenchymal structures and lesions
[15,16]. More recently, the use of TCS has been extended to the diagnosis of movement disorders such
as IPD [17,18], dystonia [19], Huntington’s disease [20], Wilson’s disease [21] and spinocerebellar
ataxia [22,23]. Therefore, it is further demonstrated that this technique can help in the differentiation
between IPD and aPS or sPS with high sensitivity and specificity [24-26].
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An increased echogenicity of the substantia nigra is detected with high sensitivity and specificity [27]
in more than 90% of patients with IPD [17,18,25,28]; whereas normal substantia nigra echogenicity in
combination with hyperechogenicity of the lentiform nucleus (LN) is commonly seen in patients with
aPS, including MSA and PSP [25,26,29]. The hypoechogenicity of the Raphe nuclei (RN) is related to
depression in patients with or without parkinsonism [30,31].

The increased echo-intensity of the SN is found in about 9% of healthy individuals. This finding was
associated with vulnerability of the nigrostriatal system and therefore may be useful to identify a
potential subgroup of population who are at risk in developing the clinical illness. Their identification
would open a window for neuroprotective intervention [32,33].

Technical aspects

TCS is commonly available and rapidly performed, inexpensive, radiation-free and non-invasive
method which can be administered at the bedside. The improvements in transducer technologies and
advances in signal processing have refined the image resolution [34,35], to the point that TCS systems
available at present can produce an image of higher resolution greater than those obtained by an MRI
scan [36]. TCS is executed by pressing the ultrasound transducer on the temporal bone, at the
periuricular site on the orbitomeatal line.

The visible brain structures and ‘sonographic landmarks’ have been described in detail for different
planes and angulations of the transducer [30,37]. Typically, a low-frequency phased array transducer is
used with a frequency range of 1-4 MHz being focused at a depth of 6-8 cm.

Ideally, the depth range is chosen in order to allow for visualization of the contralateral side of the
skull [38]. If the temporal bone window is appropriate (80-90% of the individuals) the scanning of this
axial plane generates a 2-dimensional image of the brainstem, basal ganglia and ventricles [30]. The
mesencephalon becomes visible as a butterfly-shaped structure which is surrounded by the echogenic
basal cisterns (Figure 1).

Normally, the mesencephalon has a predominantly homogeneous aspect. However, in up to 90% of the
IPD patients, the SN is clearly visible as a large hyperechogenic area in comparison to the surrounding
brainstem tissue. The echo-intensity of a distinct anatomical structure within the brainstem and the
basal ganglia can be judged qualitatively or quantitatively. However, attempts to use signal brightness
to quantify the echogenicity of the SN failed; therefore, it is preferred that planimetric measurements
of the echogenic area is undertaken [24]. Consequently, abnormal hyperechogenicity and
hypoechogenicity of the SN are defined by an increase or a decrease in the size of the relating area,
respectively in comparison with the size of the SN in controls [24,38].
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Figure 1. Corresponding MRI and TCS images of scanning planes typically investigated with TCS in movement
disorders. (A) Schematic illustration of the axial scanning plane at the level of the midbrain. (B) MRI of axial section at
midbrain level. (C) TCS image corresponding to (B). The square box denotes the area to be magnified for assessment of
midbrain structures as shown in the image in the top right corner. (D) Schematic illustration of the axial scanning plane at
the level of the thalamus. (E) MRI of axial section at the level of the thalamus. (F) TCS image corresponding to (E): Both
MRI and TCS images in (E) and (F) were obtained within the same, slightly oblique level. The arrows in (E) and (F)
indicate the pineal gland that can be regularly shown on TCS as a ‘sonographic landmark’ of high echogenicity owing to
calcification. C = head of caudate nucleus; Cb = cerebellum; d = dorsal; f = frontal; L = lenticular nucleus; M =
mesencephalon; N = red nucleus; R = raphe; T = thalamus; *Frontal horn of lateral ventricle; + = Measuring points of

widths of third ventricle; x = Measuring points of widths of frontal horn; (with permission from Elsevier) [24].

The specific cut-off values for SN echogenicity depend on the specific ultrasound system used
[7,17,39]. Approximately all the echogenic sizes on one side that are smaller than 0.20 cm? are
classified as normally echogenic; sizes between 0.20 cm?® and 0.25 cm? are categorized as moderately
hyperechogenic and sizes of 0.25 cm? and greater, are classified as markedly hyperechogenic [18,39-
41].

Hypoechogenicity of the SN - found in 10% of the healthy adult population - can also be classified in
individuals in whom the sum of SN echogenic sizes of both sides is below one standard deviation of
the mean of the general population (<0.21 cm?) [42]. For the quantitative method, excellent intra- and
inter-observer agreement has been reported - with kappa values of 0.80-0.85 [17,40,43,44]. The LN as
well the RN are always scored qualitatively: (hyper-, iso-, or hypoechogenic). In the same axial section
as the mesencephalon are visible RN is a highly echogenic line. Low echogenicity is assumed if the
echogenic line of the midbrain raphe is interrupted or is not visible; it is associated with depression in
both patients with and without parkinsonism [30,31].
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In order to visualize and measure the basal ganglia and ventricles, it is necessary to perform an
ultrasound scan on a section through the thalami. This procedure is performed from the midbrain
plane, tilting the ultrasound beam at an angle of approximately 10-20° upwards. At this section, the
transverse diameter of the third ventricle and of the frontal horn of the contralateral lateral ventricle
can be measured [45]. To ensure the accurate and reproducible measurement of the widths of the
ventricles calculations using TCS are performed from the ipsilateral to the contralateral inner layer of
the hyperechogenic ependyma. These TCS measurements of the widths of ventricles correspond well
with CT and MRI data [26,45] and with greater correlation for the third ventricle [45].

The contralateral caudate nucleus and the lenticular nucleus are performed at the same level.
Generally, these structures are isoechogenic to the surrounding brain parenchyma: thus, the basal
ganglia are discernible only when its echo-intensity is abnormally increased [20]. An increase in echo-
intensity of one or both of the LN might differentiate between aPS and IPD [18,29,30].

The results of several animal and postmortem studies demonstrated that SN hyperechogenicity is
significantly correlated with an increase of its iron content [40,46,47]. It is still possible that other
factors contribute to SN hyperechogenicity such as abnormal iron-protein bindings, gliosis, and
structural changes of neurons or glial cells (atrophy, morphologic changes of cells) in the SN [48].
Lenticular nucleus hyperechogenicity is most likely to be caused by increased trace metal content
[21,25].

TCS in the diagnosis of IPD

IPD is the second most common movement disorder and its incidence in the elderly population is in
the order of 1-2%. The clinical picture is characterized by bradykinesia combined with rigidity, resting
tremor, and postural instability in the later stages. However, in the early stages of the disease, when

clinical symptoms are less noticeable, it is often difficult to provide a firm diagnosis.

Becker and colleagues first observed hyperechogenicity of the substantia nigra in IPD using TCS [49].
This echo feature is detected with high sensitivity and specificity [27] in more than 90% of patients
with PD (Figure 2 C-D) [18,49].

A prospective blind study which included 60 patients with the first, but as yet undiagnosed clinical
symptoms of parkinsonism, has shown that for a correct diagnosis of IPD in its early stages compared
with the endpoint diagnosis, the sensitivity of TCS at baseline is 90.7%, the specificity is 82.4%, the
positive predictive value is 92.9% and the classification accuracy is 88.3% [13].

In approximately 10% of a healthy control group, the hyperechogenicity of the SN can also observed.
A recent study has proposed a clear association between this echo-abnormality in healthy people and
subsequent development of PD [50]. In addition, asymptomatic individuals with hyperechogenicity of
the SN on the TCS were found to have decreased fluorodopa F-18 uptake in the striatum [24].

ISSN: 2057-3782 (Online) 114
http://dx.doi.org/10.17229/;dit.2014-1113-008



Journal of Diagnostic Imaging in Therapy. 2014; 1(1): 110-128 Godani et al.

The increase echogenicity of the SN is a stable marker because the area of echogenicity is not related
to the disease stage or severity [17,51-53]. This echogenicity was found not to change during the
course of disease progression during a 5-year follow-up period [54]. Hence, this ultrasound marker
could be used for an early diagnosis of IPD, but not as a monitoring tool in the progression of IPD
[24].

Figure 2. MRI and TCS at midbrain level in one patient with multiple system atrophy (A-B) and one patient with
idiopathic Parkinson’s disease (C-D). The TCS image shows normal substantia nigra (SN) echogenicity in multiple
system atrophy and marked hyperechogenicity in Parkinson’s disease (a indicates aqueduct; d dorsal; f, frontal; r, raphe);

(with permission from AMA) [23].

TCS in aPS

In clinical practice the correct differential diagnosis between IPD and aPS such as the parkinsonian
variant of multiple system atrophy (MSA-P), progressive supranuclear palsy (PSP), dementia with
Lewy bodies (DLB) or corticobasal degeneration (CBD) is still quite complicated and difficult.

The main criteria, that can clinically distinguish between these disorders, are the symptoms that occur
in addition to the parkinsonian syndromes; e.g., autonomic symptoms in MSA-P; falls, gaze palsy, and
axial rigidity in PSP; initially unilateral apraxia and amnestic aphasia in CBD; dementia, fluctuating
cognition and visual hallucinations in DLB and little or no responsiveness to levodopa (L-DOPA) in
MSA-P, PSP and CBD.
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Consequently, in the early stages of these disease states, a large number of patients are erroneously
diagnosed even by experienced, movement disorder specialists. It is possible to use postmortem
findings as a gold standard [55,56]. Neuropathological studies have shown that even at end-stage
disease the clinical diagnostic accuracy for IPD varies between 75-90%.

In the latter stages of MSA-P, PSP and CBD, neurodegeneration-associated brain atrophy is visible on
MRI [57-59]. However, in the early stages of these disease - when these useful specific neuroimaging
features are usually not present - functional neuroimaging can be used. Unfortunately, their sensitivity
and specificity are not sufficiently high [8,24]. Moreover, neuroimaging methods, such as CT, MRI
and PET, do not discriminate between IPD and DLB [60].

In particular at later stages - but also in the onset early in the course of the disease [13] - TCS was
reported to discriminate IPD from MSA-P and PSP [2,57], with a high sensitivity and specificity
[23,26,61]. This was applied and calculated using the frequency and the distribution of TCS
abnormalities of the substantia nigra, lenticular nucleus and third ventricle (Figure 2 A-B) (Figure 3)
[23,25,26].

Figure 3. MRI and TCS of the brain and the thalamus level in one patient with IPD (A-B) and in one patient with
PSP (C). The TCS image shows normal width of the third ventricle (double arrow) and lenticular nucleus (LN) in IPD
while dilatation of the third ventricle and LN hyperechogenicity in the region of the globus pallidus internus (CN indicates
caudate nucleus; Th, thalamus); (with permission from AMA) [23].

More specifically a pooled analysis of several studies [13,23,25,29,61] including 500 patients with
adequate assessability on TCS, of whom 353 had definite PD, 86 had probable or possible MSA-P, and
61 had probable or possible PSP, has shown that hyperechogenicity of the SN and normal echogenicity
of the basal ganglia has a positive predictive value of 91% for IPD [24]; normal echogenic SN
combined with LN hyperechogenicity indicated MSA-P or PSP (sensitivity59%-specificity100%;
positive predictive value 100%); normal echogenic SN indicated MSA-P rather than IPD (sensitivity
90%-specificity 98%; positive predictive value 86%); third-ventricle dilatation of more than 10 mm in
combination with LN hyperechogenicity indicated PSP rather than IPD (sensitivity 84%-specificity
98%; positive predictive value 89%). In parkinsonism with an age at onset younger than 60 years,
normal echogenic SN alone indicated MSA or PSP (sensitivity 75%- specificity 100%; positive
predictive value 100%) [23].
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PSP can occur with two main clinical presentations classified as classical Richardson’s syndrome
(PSP-RS) and as PSP-parkinsonism (PSP-P). The most common atypical PSP variant PSP-RS is
characterized by an insidious early onset of a symmetric akinetic-rigid syndrome with vertical
supranuclear gaze palsy, early backwards falls and frontal dysfunction. PSP-P shows asymmetrical
onset, tremor, rigidity, moderate initial response to levodopa (L-DOPA) at a later age of onset and a
more favorable disease progression [62].

Recent studies [53,63,64], limited by a small number of patients (33 patients enrolled on average),
have tried to detect different ultrasound markers by TCS in individuals with PSP-RS and PSP-P. The
results obtained indicate that a finding of a hyperechogenic SN is more frequent in patients with PSP-P
compared to patients with PSP-RS (P = 0.020); uni- or bilateral hyperechogenicity of the LN was
observed more frequently in patients with PSP-RS (P = 0.101). The third ventricle was significantly
wider in patients with PSP-RS, when compared with patients with PSP-P (P = 0.001) [53].

An extensive review by Berg et al. [24] reported that the combination of two TCS markers e.g., normal
SN echogenicity and the LN hyperechogenicity had a high predictive value (at least 96%) for aPS, and
might be applicable for patients with PSP-RS. However, combination of the SN hyperechogenicity and
normal echogenicity of the basal ganglia is shown to be useful in prediction of PD [24] and may be
inadequate for differentiation between IPD and PSP-P [53].

In addition to IPD, CBD and DLB are also associated with SN hyperechogenicity [23,26].
Interestingly, the SN echogenic sizes in both disease entities are comparable [26]. In DLB patients,
compared with IPD patients, the SN hyperechogenicity is more frequently bilateral, significantly more
pronounced and not related to an earlier disease onset.

Subsequently, a right-left asymmetry index > 1.15 of SN echogenic sizes indicates IPD rather than
DLB. Combination of SN echogenic sizes, asymmetry indices and age at disease onset discriminates
IPD from DLB with a sensitivity of 96%, a specificity of 80% and a positive predictive value of 93%.
The size, asymmetry and relation of SN hyperechogenicity to age at disease onset discriminate IPD
from DLB [60].

TCS in secondary parkinsonian syndromes (sPS)

Secondary parkinsonian syndromes (sPS) includes symptoms of bradykinesia with rigidity, tremor, or
both that are induced by causes other than degeneration of the nigrostriatal system. Since the clinical
features of sPS and IPD are frequently similar, a correct clinical differentiation is often virtually
impossible. Usually, the causes of sPS can be shown by structural neuroimaging techniques, such as
CCT or MRI, which can reveal the cause of movement disorders [24].

TCS has the capability to identify many of the structural changes detected by the above mentioned
neuroimaging techniques such as the enlargement of the ventricular system in hydrocephalus or the
hyperechogenic calcification and traces of metal accumulation in the basal ganglia in metabolic
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disorders (Wilson’s disease or Fahr’s disease) [21,65]. The TCS findings for these disorders is equally
important - or even more so - than the findings from CCT or MRI because calcification and the
accumulation of heavy metals can be seen earlier with ultrasound [21,24,65].

Figure 4. TCS images of identical axial sections at the level of the thalamus from four individuals for diagnosis. The
basal ganglia and ventricles are routinely assessed on TCS, at this level. (A) An individual with a healthy aspect of basal
ganglia and ventricles. The thalamus is hypoechogenic. The lenticular nucleus and the head of the caudate nucleus are
isoechogenic to the surrounding brain parenchyma and this usually can only be discerned by taking an anatomical aspect to
the thalamus and ventricles into account. (B) Individual with pronounced dilatation of the third and lateral ventricles
(hydrocephalus). Visibility of the dorsal horn of lateral ventricle, at this section is a sign of pronounced dilatation. (C)
Individual with dot-like hyperechogenicity of the medial part of the lenticular nucleus. This is a typical finding in idiopathic
dystonia, atypical PS and in neurologically asymptomatic Wilson’s disease. (D) Individual with extensive
hyperechogenicity of lenticular nucleus, which is seen in severely affected patients with Wilson’s disease. For all images,
the inserted lines indicate sites of measurement at widths of frontal horn and third ventricle. Bars indicate the location for
measuring the width of the referring ventricle; arrows indicate hyperechogenic signals within the lenticular nucleus; 3 =
third ventricle; L = lenticular nucleus; D = dorsal horn of lateral ventricle; T = thalamus; *Frontal horn of lateral ventricle;

(with permission from Elsevier) [24].

Nevertheless, the small vascular lesions that bring about vascular parkinsonism (VP) - clearly visible
through CCT or MRI - are not visible with TCS [66]. This disadvantage can be counteracted by the
fact that TCS can indicate whether hyperechogenicity of the SN is present which is characteristic of
IPD and is not present in the sPS. The presence of a diagnostic marker for IPD is also useful in the
differential diagnosis of a post-traumatic PS from IPD as hyperechogenicity of the SN is only found in
the latter [67]. Therefore, TCS could be used to distinguish most of the above-mentioned differential
diagnoses (Figure 4 B-D) [24].
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TCS in other movement disorders

In the early stages of the disease it can also very difficult to differentiate clinically between a
parkinsonian tremor and an essential tremor (ET). Although the diagnostic accuracy of presynaptic
PET and SPECT imaging in the differential diagnosis between these two diseases is more than 90%
[68,69] the wide application of these useful strategies is still limited.

Usually, patients affected by ET have no hyperechogenicity of the SN [61,70,71]. This feature,
assessed through TCS, can help to differentiate between IPD and ET. However, in a study comparing
SN areas of 44 ET patients with 100 controls and 100 IPD patients has been demonstrated that about
three to four times more patients with ET show hyperechogenicity of the SN rather than healthy
controls [71]. This finding is consistent with the fact that the risk of developing IPD is about three
times to four times greater in patients with ET than in the general population [72].

Depressive disorders are frequently associated with parkinsonism; they may be consequences of the
illness but also can be a premotor sign of IPD. Moreover, the risk for patients with depression in later
development of IPD is about two to three times higher than the risk for individuals who are not
suffering from a depressive illness [73,74].

Depression associated with motor slow down can be distinguished from IPD because only IPD is
generally associated with hyperechogenicity of the SN. However, patients who have depressive
disorders have about three times increased hyperechogenicity of the SN in comparison with the general
population [75].

Differentiating between diagnosis of depression can be performed by using another ultrasound marker
which is of considerable value. This is the low echogenicity of the RN; decreased RN echogenicity
was found more often in depressed patients than in healthy controls without depression. Similarly,
decreased RN echogenicity was more common in IPD patients with depression than in IPD patients
without depression but also showing hyperechogenicity of the SN (Figure 5 E) [75,76].

Therefore, low echogenicity of the RN and normal echogenicity of the SN in a patient with
parkinsonism might suggest depression as the main cause for motor slow down. Whereby, low
echogenicity of the RN but hyperechogenicity of the SN, might suggest that a disposition to IPD is
possible [24]. It is important to realize that the hyperechogenicity of the SN can also be found in a
certain percentage of patients with rare neurodegenerative diseases such as several forms of hereditary
and non-hereditary ataxia [22-23].

There are two TCS case-control studies [22,77] including 30 and 66 patients respectively, which
reported hyperechogenicity of SN, as a frequent finding in spinocerebellar ataxia (SCA) type 2, type 3,
and type 17, indicating a vulnerability of the nigrostriatal system in SCA patients. A new ‘cerebellar
examination plane’ was proposed, allowing for a better visualization of the fourth ventricle
enlargement and nucleus dentatus hyperechogenicity, as a characteristic finding in SCA3 patients [78].
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Figure 5. MRI and TCS images of identical midbrain axial sections from four individuals assessed for the diagnosis
of PD or restless legs syndrome (A) MRI of the axial section at the level of the midbrain. The square box denotes the
area corresponding to the magnified TCS image as shown in (B). (B) TCS image of the axial midbrain section in an
individual with usual echogenicity of the SN and midbrain raphe. In the anatomical area of SN, only a tiny band
(commonly only small patches) of increased echosignal is visible. The raphe is detected as a highly echogenic, continuous
line. The bright echoes surrounding the brainstem (arrowheads), originate at the interfaces of the basal cisterns. (C)
Individual with pronounced hyperechogenicity of the SN and usual echogenicity of the raphe. The echogenic area of the
right SN is encircled for computerised measurement. Hyperechogenicity of the SN is characteristic in PD. (D) Individual
with hypoechogenicity (invisible) of the SN despite clear appearance of the red nucleus and usual echogenicity of the
raphe. This finding is common in primary restless legs syndrome. (E) Individual with hypoechogenicity (invisible) of the
raphe, despite moderate hyperechogenicity of the SN and red nuclei. Hypoechogenicity of the raphe is frequent in
depressive disorders and is thought to indicate alteration of the central serotonergic system. The white arrows show the red

nuclei. R=raphe. (with permission from Elsevier) [24].

In sporadic Creutzfeldt-Jakob disease (CJD) a blurred in homogeneous hyperechogenic signal pattern
of LN was identified, in all of the patients, in a small case study. Furthermore, distinct bilateral
hyperechogenicity of pallidostriatal regions have been described as a novel diagnostic feature in the
sonographic differentiation of extrapyramidal and ataxic movement disorders [78].

TCS also reveals signal alterations of basal ganglia in Huntington’s disease (HD). Distinct findings are
related to all of the three symptom domains (motor, cognitive and psychiatric deficits) of the clinical
triad of the disease. The TCS finding of SN hyperechogenicity was related to a higher clinical disease
severity. Furthermore, a larger number of CAG repeats in the huntingtin gene, correlated with presence
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of SN hyperechogenicity. A poorer cognitive performance - correlated with larger width of third
ventricle and depressive symptoms - was found to be associated with abnormal echogenicity of RN
[79].

TCS scans could help in the assessment of restless legs syndrome, which is a common neurological
disorder, characterized by a compulsive urge to move the legs or other body parts whilst at rest. In this
syndrome the neuroimaging methods are substantially normal [80,81]. TCS has detected decreased
echogenicity of the SN in more than 90% of patients with idiopathic restless legs syndrome and 60%
of patients with symptomatic restless legs syndrome [28,42]. Also in this instance this TCS alteration
was thought to depend on regional iron levels in the brain [82].

Hypoechogenicity of the SN could help to distinguish patients with restless legs syndrome from a
healthy control group with high diagnostic accuracy and a positive predictive value of 0.94 (Figure 5
D) [83]. Although TCS seems to be a promising new tool for the diagnostic assessment of restless legs
syndrome, data is still limited [24].

Finally, TCS could be a useful as a tool for diagnosing of dystonia which is characterized by
involuntary muscle contractions, that can cause twisting or jerking movements in parts of/or the whole
body. CCT and MRI can normally see the structural lesions that characterize some secondary forms of
dystonia. However, the distinction of idiopathic dystonia from medication-induced (tardive) dystonia
can be difficult because CCT and MRI scans are usually found to be normal [24].

By using TCS, a hyperechogenicity of the LN can be detected in up to 75% of patients with idiopathic
cervical dystonia or upper-limb dystonia [84]. It can be shown that an increased echogenicity of the SN
in only 31% of patients with facial dystonia whereas this echo feature is not usually seen in tardive
dystonia [84]. Consequently, this ultrasound feature might be useful in distinguishing idiopathic
dystonia from tardive or psychogenic dystonias (Figure 4 C) [24].

Limitations and advantages of TCS

The main limitation of TCS in the evaluation of SN hyperechogenicity is the dependence of image
quality and/or the sonographer’s experience [85]. In regard to the quality of the temporal acoustic bone
window, the midbrain structure (SN and RN) are not or are only partially assessable in 5-10% of white
individuals and the basal ganglia in 10-20% of white individuals [30,85]. With regard to the
dependency and/or the knowledge of the investigator, skills can be sharpened by experience in clinical
in quite a short space of time frame [24].

The advantage of TCS is its usefulness in early, even preclinical stages of IPD and in differential
diagnosis of distinct movement disorders. Whereas, in contrast to functional neuroimaging the TCS
technique which is characterized by wide availability, non-invasiveness and short investigation times.
On these grounds, TCS can be recommended without limitations, as an additional diagnostic
instrument in routine tests for patients who present with suspected parkinsonism.
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Conclusion

The diagnosis of IPD is a challenge since several other disorders can resemble the idiopathic form of
the illness. These similar disorders can be divided into either secondary parkinsonian syndromes or
atypical parkinsonian syndromes. TCS is a valid instrument for the diagnosis and differential diagnosis
of IPD in its early stages [13]. Particularly in latter stages but also in early onset of the disease [13], the
TCS is useful in differentiating idiopathic IPD from aPS, such as PSP and MSA-P, with high
sensitivity and specificity [23,25,26,86].

The patients affected by PSP and MSA-P appear to have normal, or only moderately enhanced-
hyperechogenic SN, as have patients with VP [66], and ET [70,71]. Moreover, the accuracy of the
differential diagnosis can be enhanced by additional assessments of the echogenicity of the basal
ganglia because in patients with PSP or MSA-P a LN hyperechogenicity can be detected.

Therefore, the pooled analysis of the echogenicity of the SN and LN can significantly increase the
sensitivity, specificity and the positive predictive value of TCS for the differential diagnosis between
IPD and aPS [23]. Patients with LBD [60] and CBD [26] have been reported to share the same echo
feature with IPD patients. However, the hyperechogenicity of the LN is commonly seen in patients
with CBD whereas patients with IPD only rarely have this feature.

Furthermore, research has shown that the absence of bilateral marked SN hyperechogenicity
discriminates IPD from LBD with a moderate-to-good sensitivity and a good specificity with a positive
predictive value [60]. IPD is characterized by a long premotor period that lasts for several years [46].
In fact, it has been shown that more than 50% of the dopaminergic neurons of the SN will have
degenerated before clinical diagnosis can be established and the first motor symptoms have surfaced
[3.4].

SN hyperechogenicity is already present in about 9% of healthy individuals [40,49]. This echo-
abnormality is associated with the vulnerability of the nigrostriatal system. Earlier studies have shown
that PET or SPECT scans are also abnormal in up to 60% of the asymptomatic patients with an
abnormal TCS [24,40,86-88]. Additionally, one study demonstrated a clear association between SN
hyperechogenicity in healthy people and subsequent development of PD [50].

Previous TCS studies demonstrated that SN hyperechogenicity is a stable, early biomarker that does
not change during the course of IPD. Consequently, the evaluation of SN echogenicity by TCS,
constitutes a promising screening instrument in a population at risk from IPD. In fact, this technique is
capable of performing an early preclinical diagnosis, that allows starting treatment in the premotor
stage, before the majority of neurons are lost with consequently greater neuroprotective effect
[41,50,54,89].
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