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Introduction

Parenchymal transcranial Doppler sonography (pTCS) 
has become a reliable and sensitive diagnostic technique, 
enabling a two-dimensional visualization of the main brain 
structures through the temporal bone (1). The growing 
application of this exam helps the diagnosis and differential 
diagnosis of a wide range of neurological diseases, 
especially movement disorders. pTCS is easily available and 
applicable, non-invasive, painless, cost effective, and quick 
to perform at the bedside, even in scarcely collaborating 
patients or in those with involuntary movements, because 
head motion can be well compensated by the operator, at 
least to some extent (2). These features make pTCS an 
useful additional tool for movement disorders, particularly 
in the case of challenging diagnoses or doubtful clinical 
presentations. 

Subtle changes of specific deep brain structures, such 
as abnormal trace metal accumulation and circumscribed 
degenerative processes, can also be detected with pTCS (3). 
Moreover, the recently developed TCS devices offer the 
possibility to display some structures (e.g., basal ganglia, 
mesencephalic nuclei, width of the third ventricle, and the 

frontal horns of lateral ventricles) with a very high lateral 
and axial resolution (4).

Namely, substantia nigra (SN) hyperechogenicity has 
been proved to be a characteristic finding for idiopathic 
Parkinson’s disease (PD), occurring in more than 90% 
of patients (5). Moreover, for early diagnosis of PD and 
differential diagnosis between PD and atypical parkinsonian 
syndromes, both the sensitivity and positive predictive 
value of SN hyperechogenicity were higher than 90%, 
and both the specificity and negative predictive value were 
higher than 80% (5). TCS imaging of the SN also allows to 
differentiate between PD and essential tremor, with a high 
sensitivity (>90%) and specificity (>89%) (6). The diagnostic 
specificity further increased when combining pTCS findings 
of SN, lenticular nucleus (LN), and third ventricle width. In 
particular, despite some limitations, LN hyperechogenicity 
and third ventricle enlargement have been observed in some 
atypical parkinsonisms, such progressive supranuclear palsy, 
multiple system atrophy, and corticobasal degeneration 
(CBD) (7).

Despite these advantages, however, to date pTCS is still 
considered as an elective exam to perform in selected in-
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patients only, especially in those with movement disorders. 
Although movement disorders are commonly viewed as 
chronic diseases that are followed and treated in ambulatory 
care setting, a growing number of these patients present 
with acute or subacute disabling symptoms, as well as with 
complications of their underlying condition (8). Moreover, 
an acute movement disorder presenting at the Emergency 
Department (ED) points to a number of systemic, neurologic, 
drug-induced, or sometimes functional processes. A delayed 
diagnosis leads to a significant distress for the patients, with 
consequences on their management and quality of life (9). 

Here, we report a patient with an unusual gait disorder 
in whom pTCS performed at the ED rapidly provided 
diagnostic findings towards a neurodegenerative movement 
disorder.

Case report

A 60-year-old man presented at the ED complaining of 
progressive walking difficulty for the last three-weeks, 
without falls. Family history was negative for neurological 
or psychiatric diseases. He worked as an electrician and 
lived alone. Because of a depressive disorder arisen one year 
earlier, he was under stable treatment with oral escitalopram 
10 mg and amisulpride 100 mg daily. He was not taking 
any other medication, including the weeks before his 
presentation at the hospital.

As shown in the patient’s recording, neurological 
examination showed an unusual gait characterized by ataxia, 
rigidity, and limping, with some instability but without falls 
(Video 1); he also had mild orofacial and hands dyskinesia, 

some of which were also present during walking, whereas the 
rest of the clinical examination was entirely normal. Notably, 
no motor impersistence, saccades/supranuclear gaze 
abnormality, or other signs of parkinsonism were present. 
Urgent laboratory tests, electrocardiogram, and computed 
tomography scan were normal. Based on the clinical picture 
of an undefined movement disorder in a patient taking a 
neuroleptic drug, a pTCS was performed at the ED.

TCS was carried out by using a phased array ultrasound 
system (Toshiba Aplio 300) equipped with a 2.5 MHz 
transducer. The examination protocol was based on 
previous published recommendations for TCS (3). Using 
the transtemporal bone window approach, a B-mode image 
was obtained on both sides. First, the butterfly-shaped 
midbrain was visualized in axial untilted sections. Then, the 
scanning plane was shifted cranially to visualize diencephalic 
structures. As recommended (3), the SN was examined 
homolaterally to the insonation, whereas LN and caudate 
nucleus (CN) contralaterally. Echogenicity and echotexture 
of SN, thalami, CN, and LN were analyzed bilaterally, and 
graded as hyperechogenic if were more intense than the 
surrounding white matter (10,11). For each side, SN was 
evaluated quantitatively, whereas LN and CN were assessed 
semiquantitatively.

The pTCS investigation of this patient showed marked 
hyperechogenicity of the SN (Figure 1): A (right side) 
=0.41 cm2; B (left side) =0.33 cm2 [cut-off values: area 
for mild hyperechogenicity ≥0.16 cm2; area for marked 
hyperechogenicity ≥0.22 cm2 (12)] and the CN, bilaterally 
(Figure 2). This pattern, although not disease-specific, has 
been described in patients with Huntington’s disease (HD). 

Figure 1 Marked bilateral hyperechogenicity of the substantia nigra. (A) Right side area, (B) left side area.
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The third ventricle and the frontal horns of the lateral 
ventricles were normal [third ventricle size: 6 mm, cut-off 
values for people ≥60 years: <10 mm; frontal horns size:  
15 mm, cut-off values for people ≥60 years: <20 mm (3)].

Despite the lack of a family history, the patient age, and 
the referred recent onset of symptoms, HD was considered 
among the possible causes underlying this clinical 
presentation and, therefore, the patient was admitted to the 
Neurology Department. Laboratory tests (including serum 
copper and ceruloplasmin level, anti-streptolysin O, blood 
acanthocytes research), electroencephalogram, and 1.5-T 
brain magnetic resonance imaging (MRI) were normal. In 
particular, no striatal hyperintensity on T2-weighted MRI 
was noted. Molecular genetic test confirmed the diagnosis 
of HD, with one allele of the huntingtin (HTT) gene in 
chromosome 4p16.3 showing an abnormal number of 40±1 
cytosine-adenine-guanine (CAG) repeats, whereas the 
number of CAG repeats in the other allele was within the 
normal limits (24±1). During hospitalization, amisulpride 
was rapidly discontinued, but clinical manifestations did 
not improve and rather gradually worsened over time, as 
confirmed at the three-month clinical follow-up (Unified 
Huntington’s Disease Rating Scale—motor assessment—
at discharge: 13; score at follow-up: 15). In particular, the 
gait was more impaired, making the assistance necessary 
to avoid falling, whereas the rigidity was slightly decreased 
(especially at lower limbs).

The patient gave written informed consent for the 
publication of his personal and medical information, prior 

to the inclusion in the study, conformed to the provisions of 
the Declaration of Helsinki (as revised in 2013).

Discussion

To date, this is the first report of a HD sonographically 
detected at the ED. This supports the view that quantitative 
pTCS might be easily implemented in the diagnostic 
algorithms and differential diagnosis of movement 
disorders, even in an emergency setting.

HD is an autosomal dominant disorder caused by 
an unstable expansion of the trinucleotide CAG on 
chromosome 4p16.3, leading to a progressive degeneration 
of the basal ganglia, particularly of the neostriatum. The 
diagnosis focuses on typical involuntary movements, 
although the clinical presentation also includes cognitive 
decline and psychiatric symptoms (i.e., depression, 
irritability, anxiety, psychosis, and compulsive behavior). 
Psychiatric disturbances often precede the onset of motor 
symptoms (13), as in the present case, thus challenging an 
early diagnosis and treatment. Functional neuroimaging 
methods, such as single photon emission computed 
tomography and positron emission tomography, are able 
to detect functional changes, especially in the striatum, but 
they are expensive and not widely available (14). Notably, 
the MRI of our patient did not show any abnormalities of 
the SN nor hyperintensity of CN, thus highlighting the 
diagnostic utility of quantitative pTCS in this case. 

Although the frequency of late-onset HD (>59 years) 

Figure 2 Normal size of the third ventricle (marked with “T”) and lateral ventricles (frontal horns marked with asterisk); hyperechogenicity 
of the left caudate nucleus (arrow).
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is assumed to be low and the clinical course milder, the 
previous literature is scarce and often inconclusive. A very 
recent study on a large cohort (15) founds that late-onset 
patients present more frequently with gait and balance 
problems as first symptoms, and the disease progression is 
not milder compared to common-onset HD patients, apart 
from motor progression. Moreover, in this patient subgroup, 
the family history is likely to be negative, which might make 
diagnosing HD more difficult, although balance and gait 
problems are helpful clinical clues (15). Taken together, 
these findings are in line with the patient described here; in 
this context, it is likely that gait and motor disorder had been 
present for more than three weeks, although neither the 
patient nor his family members were able to confirm that. 
It can be hypothesized that the assumption of amisulpride, 
an antidopaminergic drug, may have attenuated choreic 
movements, as recently reported (16).

The pTCS finding of SN hyperechogenicity indicates a 
functional impairment of the nigro-striatal dopaminergic 
system, and is assumed to be based on an increased amount 
of iron bound to proteins other than ferritin (3). This is 
also in agreement with molecular studies indicating the 
essential role of the huntingtin in cellular iron homeostasis. 
Although SN hyperechogenicity is characteristic for 
idiopathic PD, it has been reported also in other conditions, 
such as atypical parkinsonisms, spinocerebellar ataxia, and 
HD (10,17,18). In particular, Lambeck and colleagues (19)  
observed hyperechogenicity of the SN in 14 out of 15 
patients with HD, and, among them, seven showed bilateral 
hyperechogenicity.

We also can confirm the pathologic signal of the CN in 
HD, a finding that supports the differentiation from other 
movement disorders (20). In previous studies (10,11), an 
association between CN echogenicity and signal intensity in 
T2-weighted MRI in HD was reported. In particular, while 
SN hyperechogenicity was found to be significantly higher in 
the clinically severely affected patients, CN hyperechogenicity 
correlated with an increased signal intensity in T2-weighted 
MRI, but not with the disease severity (10). Based on these 
findings, it can be inferred that basal ganglia hyperechogenicity 
in HD may be correlated with changes of the iron-protein 
binding, which might cause echogenic alterations similar to 
the SN hyperechogenicity observed in PD patients (3,18). 
Additionally, post mortem studies showed that not only 
iron, but also copper levels are increased in basal ganglia of 
HD subjects (21). However, the exact morphological and 
pathogenetic interpretation is still speculative and further 
neuropathological and multimodal imaging studies are needed. 

Indeed, although the role of metals is assumed, the exact origin 
of hyperechogenicity has not been definitively confirmed, and 
the occurrence of structural changes can be conditioned by the 
presence of gliosis.

Regarding the LN hyperechogenicity, few earlier studies 
only are available, showing that this nucleus was less often 
affected or even spared in typical HD (10). LN seems to be 
more hyperechogenic in the hypokinetic-rigid form of HD 
(19), as well as in patients with dystonia and Wilson’s disease 
(22), although none of these studies reported the specificity 
and sensitivity of the hyperechogenicity observed.

Finally, this patient was taking amisulpride, a benzamide 
blocking or antagonizing the presynaptic dopamine D2 
receptor. As such, amisulpride is among the neuroactive 
compounds able to induce tardive dyskinesia, although the 
prevalence of amisulpride-induced movement disorder 
is substantially lower than that of the first-generation 
antipsychotic agents. Moreover, tardive dyskinesia 
commonly manifests with orofacial movements, tremor, 
dystonia, akathisia, and parkinsonism (23). Therefore, 
an iatrogenic cause, i.e., a drug-induced parkinsonism 
(DIP), needed to be taken into account on the basis on 
subacute onset, symmetric involvement, gait abnormality, 
and orofacial dyskinesia. However, the pTCS signs of a 
marked bilateral hyperechogenicity of both SN and CN 
did not support a DIP. Indeed, according to previous 
studies (24), although SN hyperechogenicity can be also 
observed in DIP, none of the DIP patients showed the CN 
hyperechogenicity. In the present case, we supposed that the 
improvement of rigidity and the worsening of gait might be 
correlated to the discontinuation of amisulpride and to the 
disease progression, respectively.

Although the application of pTCS in the ED setting is 
promising, the technique has some intrinsic limitations, such 
as the temporal acoustic bone window (insufficient in 5–10% 
of Caucasian individuals) (3), the degree of the operator 
expertise, and the quality of the ultrasound system. In this 
case, the exam was performed with a dedicated machine by 
a trained neurologist (MG) with an internationally-certified 
expertise in pTCS. Finally, it is worth reminding that, 
although SN and CN hyperechogenicity have been found 
in a higher proportion of HD patients than healthy controls 
(especially when parkinsonism was present), to date pTCS 
cannot provide specific findings of HD. Indeed, bilateral 
hyperechogenicity of the SN is also observed in CBD and in 
Lewy body Dementia, whereas CN hyperechogenicity has 
been linked to psychosis in PD (25,26), as well as to some 
cases of multiple sclerosis (27), migraine (28), obsessive-
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compulsive disorder (29), and, more rarely, primary 
dystonia (30,31). However, although these differential 
diagnoses cannot be excluded based on the pTCS alone, 
our patient did not have any clinical or radiological sign or 
history of the above-mentioned conditions. Overall, the 
use of pTCS in the differential diagnostics of hyperkinetic 
syndromes needs caution as the frequency of basal ganglia 
abnormalities detected by this technique is far from 100%, 
both in HD and in other movement disorders (including 
those of autoimmune origin). Therefore, to date, pTCS 
cannot be viewed as a key tool in the diagnostics of HD, 
although it may support the diagnostic process and help the 
differential diagnosis of selected cases also in an Emergency 
setting.

Conclusions

In patients with clinically undefined movement disorders, 
pTCS can feasibly extend the neurological examination by 
providing diagnostic clues more rapidly and less expensively 
than neuroimaging. Cautious interpretation of the findings 
are mandatory and further systematic studies are needed 
to implement quantitative pTCS in clinical practice and to 
confirm the diagnostic utility of this technique in patients 
with movement disorders presenting at the ED.
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