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■ Abstract  Background Transcra-
nial duplex scanning (TCD) of the 
substantia nigra (SN) is increas-
ingly used to diagnose Idiopathic 
Parkinson’s Disease (IPD). Up until 
now 70 diagnostic studies have 
been published, not only on inves-
tigation of the SN, but also of the 
lenticular nucleus (LN) and the 
Raphe nuclei (RN). Method We sys-
tematically reviewed all diagnostic 
TCD studies in parkinsonian pa-
tients up to June 2008. Results We 
found 35 eligible studies. Of the 
1534 IPD patients investigated in 
the 35 studies 200 (13 %) had an 
 inconclusive SN-TCD. An increased 
echo-intensity of the SN was seen 
in 1167 (87 %) of the 1334 IPD 
 patients, 276 (12 %) of the 2340 
healthy controls and in 41 (30 %) of 
the 138 patients with an atypical 
parkinsonian syndrome (APS). On 
the contrary, a pathological LN-
TCD was found more often in APS 
patients (79 %) than in IPD pa-
tients (23 %) and healthy controls 
(6 %). A decreased echo-intensity 

of the RN was found more often in 
depressed (46 %) than in non-de-
pressed IPD patients (16 %). Con-
clusions SN-TCD accurately differ-
entiates between patients with IPD 
and healthy controls, but not be-
tween patients with IPD and APS. 
LN-TCD is only moderate accurate 
to delineate IPD from APS, but 
combinations of SN- and LN-TCD 
may be more promising. RN-TCD 
has only marginal diagnostic accu-
racy in diagnosing depression in 
IPD and non-IPD patients. Before 
TCD can be implicated, more re-
search is needed to standardize the 
TCD technique, to investigate the 
TCD in non-research settings and 
to determine the additional value 
of TCD compared with currently 
used clinical techniques like SPECT 
imaging. 

■ Key words  diagnosis · parkin-
sonism · idiopathic Parkinson’s 
 disease · ultrasonography · 
 transcranial duplex scanning · 
 depression
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Introduction

The diagnosis of Parkinson’s disease (IPD) and other 
parkinsonian disorders, such as multiple system atro-
phy (MSA), progressive supranuclear palsy (PSP) or vas-
cular parkinsonism (VP), is based on clinical criteria 
[1–5]. In patients with the essential clinical symptoms 
such as bradykinesia, rigidity, and resting tremor, diag-
nosis of IPD is usually straight forward; however early 
in the disease it can be difficult to differentiate among 
the various parkinsonian disorders purely on clinical 
grounds. In the early stages of the disease it can also be 
difficult to differentiate a parkinsonian tremor from an 
essential tremor (ET). The gold standard for the diagno-
sis of IPD is post-mortem neuropathological examina-
tion. Neuropathological studies have shown that even at 
end-stage disease the clinical diagnostic accuracy for 
IPD varies between 75–90 %, with MSA and PSP ac-
counting for most false positives [3, 6, 7]. As prognosis 
and management differ considerably among the various 
parkinsonian syndromes an early correct diagnosis is of 
cardinal importance.

Several procedures and combinations of different 
techniques have been proposed to diagnose IPD [8–12]: 
olfactory and neuropsychological tests, biomarkers, 
DNA tests and functional imaging with MIBG scintigra-
phy, positron emission tomography (PET) or single pho-
ton emission computer tomography (SPECT). The 
SPECT scan is presently the most widely used diagnostic 
test for parkinsonian syndromes. Nevertheless, its diag-
nostic accuracy is still debated [13].

A recently developed diagnostic tool is transcranial 
duplex scanning (TCD). Using this technique Becker 
and colleagues were the first to report hyperecho-inten-
sity of the substantia nigra (SN) in patients with Parkin-
son’s disease [14]. Several studies found that 90 % of IPD 
patients show this SN hyperecho-intensity [14–18], 
which is presumably caused by an increased iron con-
tent [19]. Only in about 9 % of healthy individuals is in-
creased echo-intensity found. TCD can also visualize the 
Raphe nuclei (RN) and the lenticular nucleus (LN). The 
echo-intensity of the LN is postulated to differentiate 
between IPD and other parkinsonian syndromes. Dif-
ferences in echo-intensity of the RN are reported to be 
associated with depression in patients with or without 
parkinsonism. 

Since the first report, numerous studies on the diag-
nostic accuracy of TCD in parkinsonian syndromes 
have been published, including a systematic review, 
which considered all papers published before 2003 [20]. 
Since several more research groups started TCD and the 
majority of the papers on this subject is published after 
2003 we did an updated systematic review. 

Technical aspects

TCD is a non-invasive, fast, and patient-friendly tech-
nique, which is employable at the bedside. Mostly, the 
technique is applied for the examination of the intracra-
nial vessels [21]. 

Since 15 years TCD is also used to visualize other 
brain structures, such as the mesencephalon [22]. With 
TCD the echo-intensity of various brain structures can 
be studied. Changes in echo-intensity seem to reflect 
changes in tissue impedance due to glial reaction, altera-
tions in cell density and iron content [14, 16].

TCD is performed by placing the ultrasound trans-
ducer on the temporal bone in front of the ear. In most 
patients (approximately 80–90 % [23]) the temporal 
bone window is appropriate to acquire a 2-dimensional 
image of the intracranial structures. Typically, a low-
frequency phased array transducer is used with a fre-
quency range of 1–4 MHz being focussed at a depth of 
6–8 cm. The depth range ideally is chosen to allow for the 
visualization of the contralateral side of the skull. The 
mesencephalon becomes visible as an echolucent, but-
terfly-shaped structure, surrounded by the basal cisterns 
characterized by a higher echo-intensity. Normally, the 
mesencephalon has a predominantly homogeneous as-
pect; in most cases a small hyperechogenic stripe can be 
discerned within the area of the substantia nigra (SN). 
However, in up to 90 % of the IPD patients the SN is 
clearly visible due to its large hyperecho-intense area as 
compared to the surrounding brainstem tissue. 

Other brain structures like the lenticular nucleus 
(LN) and the Raphe nuclei (RN) can be visualized by 
TCD as well. The LN are visible in an axial section at the 
level of the thalamus. The LN is only discernable when 
its echo-intensity is abnormally increased compared 
with the surrounding brain parenchyma. An increase in 
echo-intensity of one or both of the LN might differenti-
ate between APS and IPD [20, 24, 25].

Finally, the RN are visible in the same axial section as 
the SN. Normally the RN are visible because they are 
hyperecho-intense compared with the adjencent brain-
stem parenchyma. A decrease in the echo-intensity of 
the RN is reported to be associated with depression in 
both patients with and without parkinsonism [23, 26].

Different scorings systems are used by different re-
search groups; however the various methods agree on 
the main points. Generally the echo-intensity of the SN 
is evaluated by ipsilateral TCD examination. The SN-
TCD is scored abnormal if the SN is pathological at least 
at one side (uni- or bilateral). 

The echo-intensity of the SN can be judged qualita-
tively or quantitatively. In the qualitative way the SN can 
be scored by judging whether or not a typical hyper-
echo-intensity in the area of the substantia nigra is pres-
ent. Most investigators, however, used the quantitative 
method: measuring the area of hyperecho-intensity by 
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encircling the hyperintense area. Normal values depend 
on the ultrasound device which used, but approximately 
an area of < 0.2 cm2 is defined as normal and an area of 
> 0.25 cm2 as pathological [17, 18, 27]. For the quantita-
tive method excellent intra- and inter-observer agree-
ment has been reported with kappa values of 0.80–0.85 
[16, 18, 28–30]. 

The LN as well the RN are always scored qualitatively 
(hyper-, iso-, or hypoecho intense). 

Systematic review of the literature

We systematically reviewed the literature by searching 
Ovid Medline databases and cross-referenced clinical 
trials published in this field until June 15, 2008. Both 
medical subjects headings (MESH) terms and text words 
were used: 1) ultrasound, sonography or duplex scan-
ning, 2) substantia nigra (SN), Raphe nuclei (RN), len-
ticular or lentiform nucleus (LN) and 3) parkinsonian, 
parkinsonism, IPD, MSA, PSP, ET or APS. 

Two investigators (AV, AB) screened the full text of 
potentially relevant articles. Papers were only included 
into the review if information on the following items was 
supplied: 1) patient population, 2) ultrasound system 
applied, 3) TCD procedures of assessment and quantifi-
cation of echo-intensity, 4) number of true positive, false 
positive, true negative and false negative TCD results 
with the clinical diagnosis as the golden standard. 

Additionally, we mentioned the number of sonogra-
phers, if the sonographers were blinded for the clinical 
diagnosis and if the included patients were diagnosed or 
yet undiagnosed. 

Papers were excluded if: 1) the full article was not 
available, 2) the language was other than English or Ger-
man, 3) brain structures other than the SN, LN or RN 
were studied, 4) and if studies did not include patients 
with neurodegenerative parkinsonism (IPD, APS, i. e. 
MSA, PSP, diffuse Lewy body disease, corticobasal de-
generation), patients with secondary parkinsonism (ET, 
VP, drug-induced parkinsonism (DIP)) or patients with 
ET, healthy controls and patients with depression. 

■ Data extraction and analysis

The studies were sorted into three categories, either 
studying the SN, LN or the RN. The number of patients 
with a normal and abnormal echo-intensity of, respec-
tively, the SN, LN and RN are given in Tables 1–3. We 
used cut-off points defined by the original authors. A 
TCD was considered inconclusive if either there was an 
inappropriate temporal bone window or the sonogra-
pher judged the target structure as borderline hyper-
echo-intense. Sensitivity and specificity were calculated 
for each brain structure and patient category separately. 

The following patient categories were studies: 1) neuro-
degenerative parkinsonism A) IPD and B) APS (MSA, 
PSP, diffuse Lewy body disease, corticobasal degenera-
tion), 2) patients with non-degenerative forms of par-
kinsonism, i. e. vascular, drug-induced, infectious, 3) 
patients without parkinsonism (ET, healthy controls). 

Results

■ Overview

The Medline search resulted in 68 hits. We found no ad-
ditional clinical studies searching the Cochrane and 
Embase databases. Cross-reference searching added an-
other four relevant trials. Of these 72 studies we excluded 
37. The reasons for exclusion for as follows: for 18 stud-
ies only an abstract existed, 2 articles did not fulfill the 
language criteria, 10 papers did not deal with the dis-
eases mentioned above, and in 7 articles we were not 
able to derive the number of true positive, false positive, 
true negative and false negative findings.

In the 35 trials left, either one or several brain struc-
tures (SN, LN and RN) were investigated. In total, 31 
dealt with the SN, 10 with the LN and 7 with the RN 
(Tables 1–3). 

■ TCD of the substantia nigra 

Results are given in Table 1. Only 23 of the 31 studies 
mentioned the percentage of patients in which the au-
thors experienced difficulties judging the SN-TCD, ei-
ther because of an inappropriate temporal bone window 
or an atypical form of the hyperecho-intensity. The per-
centages in which the SN-TCD was inconclusive ranged 
from 0 % to 64 %. 

In the majority of cases the SN-TCD was regarded as 
abnormal if the SN showed a pathological signal at least 
at one side. However, some authors calculated the mean 
of both sides [31–33]. Mostly, the area of increased sig-
nal intensity was measured to estimate whether the SN 
was normal or not. 

The incidence of a pathological SN-TCD varied re-
markably between the different parkinsonian syn-
dromes as shown in Table 1. Of the 1334 IPD patients 
1167 (87 %, range 48–100 %) had an increased echo-in-
tensity of the SN. In patients with APS this hyperecho-
intensity was seen less frequently, namely in 41 of the 
138 (30 %; range 0–100 %). In ET, VP and DIP the preva-
lence of a hyperecho-intense SN was even lower: 13 of 
the 112 (12 %) ET patients, 6 of the 30 (20 %) VP patients 
and in 0 of the 3 DIP patients. In healthy controls SN 
hyperecho-intensity was found in only 276 of the 2340 
(12 %, range 0 %–20 %) individuals.
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■ TCD of the lenticular nucleus 

Results are given in Table 2. The investigators of all 10 
studies mentioned the percentage of patients in which 
they had difficulties to judge the echo-intensity of the 
LN. The percentages in which the LN-TCD was inconclu-
sive ranged from 0 % to 24 %. Of the 150 APS patients 119 
(79 %; range 72–88 %) had an increased echo-intensity 
of the LN. In IPD patients this hyperecho-intensity was 
seen less often, namely in 112 of the 493 (23 %, range 
11–64 %) patients, with the remarkable exception of de-
mented IPD patients: 64 % of these had a pathological 
LN-TCD [34]. In healthy controls this finding was seen 
in only 6 of 94 subjects (6 %, range 0–11 %). 

■ TCD of the Raphe nuclei 

Results are given in Table 3. In all 7 studies the percent-
age of patients with an inconclusive RN-TCD was men-
tioned and ranged from 0 % to 40 %. Fifty-one of the 111 
depressed IPD patients (46 %, range 35–89 %) had a de-
creased echo-intensity of the RN in contrast to 23 of the 
147 non-depressed IPD patients (16 %, range 0–21 %). In 
patients without IPD this difference was more pro-
nounced: in depressed patients without IPD a decreased 
echo-intensity of the RN was much more common than 
in non-depressed healthy controls: 71 % (range 53–
100 %) versus 5 % (range 0–9 %), respectively. 

Discussion

In this review we included 35 papers on the diagnostic 
use of TCD in parkinsonian syndromes. The results are 
discussed separately for: A) the TCD technique in gen-
eral, B) TCD of the substantia nigra, C) the lenticular 
nucleus, D) the Raphe nuclei. 

■ The TCD technique in general

Studying the literature we found the following differ-
ences in TCD technique: 

First, different research groups use different trans-
ducers, different measuring methods and cut-off points 
of normal values, causing varying sensitivity and speci-
ficity. To compare the results of these different studies, 
we applied a simplified semi-quantitative scoring sys-
tem to the original data: abnormal, normal, or inconclu-
sive. Consequently, lower sensitivity and higher specific-
ity values were obtained than compared to the ones 
originally reported. 

Second, we can not rule out that the same patient(s) 
that were used in one particular study were included in 
other studies of the same research group, i. e. that there 
is an overlap in patients. 

■ TCD of the substantia nigra

Of the 1167 IPD patients examined in 31 different clini-
cal studies, approximately 90 % had an increased echo-
intensity of the SN. The sensitivity as compared with the 
final clinical diagnosis varied from 48 % to 100 %. The 
wide range can be explained by the different patient 
population under study, the use of various transducers 
and scorings methods by the different investigators. 

The incidence of a pathological SN-TCD in patients 
with APS was considerably lower than in patients with 
IPD. Yet, the range was very large between studies and 
also depended on the subtype of APS. All 11 patients 
with diffuse Lewy body disease and 7 of the 8 patients 
with corticobasal degeneration had a positive SN-TCD 
[34–39]. A positive SN-TCD seemed to be more common 
in PSP (30 %, range 8–47 %) than in MSA (17 %, range 
6–25 %) [15, 25, 38–40].

In all patients with APS, the number of inconclusive 
TCD examinations was higher than in patients with IPD. 
This finding was mostly attributable to difficulties in the 
interpretation of the ultrasound image and rarely due to 
an inappropriate bone window. 

In 12 % of 2340 healthy controls SN hyperecho-inten-
sity was found, suggesting a rather large number of 
false-positive findings. However, there is some evidence 
that the SN hyperecho-intensity in healthy controls is 
related to a slight motor impairment [41]. Additionally, 
earlier studies showed that PET or SPECT scans are also 
abnormal in up to 60 % of the asymptomatic patients 
with an abnormal TCD [17, 18, 42–44)]. Long-term fol-
low-up studies are currently underway to evaluate if 
these asymptomatic subjects with an abnormal SN-TCD 
will develop IPD. Furthermore, from the literature there 
is indeed some evidence to suggest that a subset of ET 
patients is predisposed to developing idiopathic Parkin-
son’s disease, possible explaining the fact that 12 % of the 
ET patients had an abnormal SN-TCD [45]. 

■ TCD of the lenticular nucleus

It appears that hyperecho-intensity of the LN is found 
quite often in APS (79 %), but considerably less often in 
IPD (23 %) and healthy controls (6 %). These findings 
suggest that TCD of the LN solely will not allow for the 
discrimination between IPD and APS in an individual 
patient, given the relatively low positive and negative 
predictive values. However, when combining the results 
of different insonated brain structures, the diagnostic 
accuracy could be improved considerably. An increased 
echo-intensity of the SN and a normal echo-intensity of 
the LN is strongly suggestive for the diagnosis of IPD 
[23, 25, 46, 47]. On the contrary, a normal SN echo-inten-
sity and an increased intensity of the LN indicates MSA 
or PSP. Furthermore, a dilation of the third ventricle or 
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the frontal horn is postulated to be a predictor of PSP 
[40]. However, these results were obtained with post hoc 
analyses and their definitive diagnostic value remains to 
be determined in a long-term follow-up study with an 
‘intention-to-diagnose’ principle.

■ TCD of the Raphe nuclei 

Seven retrospective studies have been published about 
the difference of RN echo-intensity between IPD pa-
tients and controls with and without depression. De-
creased RN echo-intensity was found more often in de-
pressed patients (71 %) than in healthy controls without 
depression (5 %). Similarly, decreased RN echo-intensity 
was more common in IPD patients with a depression 
(46 %) than in IPD patients without depression (16 %). 

Although the diagnostic accuracy of RN-TCD seems 
to be fairly high in non-IPD patients, RN-TCD is consid-
erably less accurate in patients with IPD. Furthermore, 
the percentage of patients with doubtful findings or 
slightly decreased echo-intensity in the latter group is 
surprisingly high, with a maximum of 40 % in one study 
[48].

Conclusion

Compared to an earlier review considering the literature 
available until 2003 [23], our present up-to-date review 

confirms the high diagnostic accuracy of SN-TCD to dif-
ferentiate patients with IPD from patients with ET and 
healthy controls. This accuracy is less for differentiating 
patients with IPD from those with APS. The diagnostic 
value of LN-TCD and RN-TCD appears to be lower than 
previously assumed. 

We identified several methodological issues: lack of 
standardized TCD techniques, normal values and scor-
ing systems, and the high percentage of subjects with an 
inconclusive TCD. More research is needed, especially in 
patients with as yet undefined parkinsonism. Moreover, 
these studies should ideally include neuropathological 
post-mortem investigation, or at least comparison with 
follow-up examinations and accepted techniques as 
SPECT or PET [49, 50]. These are essential to establish 
the clinical significance of SN-TCD.
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