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Abstract.
Background: Essential tremor (ET) and the tremor of Parkinson’s disease (PD) are the most common tremors encountered
in clinical practice. Especially in early disease stages, discrimination between the tremors of ET and PD can be challenging.
Objective: The aim of this study was to evaluate the diagnostic accuracy of transcranial sonography (TCS) of the substantia
nigra echogenicity for differential diagnosis of PD versus ET.
Methods: A systematic PubMed search identified 512 studies. Sensitivity and specificity of substantia nigra hyperechogenicity
was estimated. Data synthesis was carried applying a random effects bivariate binomial model. To assess study quality and
risk of bias, the QUADAS-2 tool was used.
Results: Eighteen studies were suitable for analysis including 1,264 PD and 824 ET patients. The meta analysis showed
a pooled sensitivity and specificity for TCS in the differential diagnosis of PD versus ET of 84.6% (95% CI, 79.4–88.6%)
and 83.9% (95% CI, 78.4–88.2%), respectively. Furthermore, we found nearly similar results in sensitivity and specificity
comparing TCS and DaTSCAN in a subgroup-analysis of three studies using both diagnostic tools including 107 patients
with PD and 62 patients with ET. The QUADAS-2 toolbox revealed a high risk of bias regarding the methodological quality
of patient selection.
Conclusion: Substantia nigra hyperechogenicity yield high diagnostic accuracy for the discrimination of PD from ET. TCS
is a low cost, widely available, non-invasive marker without radiation Therefore, a diagnostic algorithm based on presence
or absence of substantia nigra hyperechogenicity is highly warranted.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neurode-
generative disease characterized by resting tremor,
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rigidity, bradykinesia, abnormal gait, and posture.
The diagnostic gold standard is postmortem neu-
ropathological examination. The diagnosis is based
on clinical signs and symptoms [1]. While in cases
presenting with fully developed classic motor fea-
tures, the clinical diagnosis of PD appears to be
straightforward, rates of misdiagnosis can be as high
as 24% early in the disease, even in specialized
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centers [2]. Indeed, the most common misclassi-
fications in clinicopathological series are neurode-
generative atypical parkinsonian disorders, whereas
in clinically based studies essential tremor (ET),
drug-induced parkinsonism, and vascular parkinson-
ism are common misdiagnoses [2]. Neuroimaging
including presynaptic dopaminergic terminal radio-
tracer-imaging or MRI [3–5] may help in the diag-
nostic work-flow of these patients.

ET is one of the most common movement disor-
ders among adults characterized by a kinetic tremor.
Furthermore, additional clinical characteristics have
been associated with the disorder, including ataxic
gait and non-motor symptoms like depression, mild
cognitive impairment, and dementia [6].

A recent meta-analysis revealed a high diagnostic
performance of substantia nigra hyperechogenicity
(SN+) by transcranial sonography (TCS) in differen-
tiating patients with PD from both normal controls
and participants with other parkinsonian syndromes.
The aim of this review and meta-analysis was to
evaluate the diagnostic accuracy of TCS for the dif-
ferential diagnosis of PD versus ET.

METHODS

Search strategies and study selection

Three raters (BH, JH, KS) systematically searched
the electronic MEDLINE database PubMed by two
combination of terms as ((((nigra substantia [MeSH
Major Topic]) OR ((((echogen∗ [Title/Abstract])
OR (ultrasound [Title/Abstract])) OR (sonograph∗
[Title/Abstract])) OR (transcranial [Title/Abstract])))
AND (tremor [Title/Abstract])) OR (((nigra sub-
stantia [MeSH Major Topic]) OR ((((echogen∗
[Title/Abstract]) OR (ultrasound [Title/Abstract]))
OR (sonograph∗ [Title/Abstract])) OR (transcranial
[Title/Abstract]))) AND ((benign essential tremors
[MeSH Terms])))) NOT (review [Publication Type]).
The three raters searched various alterations in
spelling due to the pronounced heterogeneity. The
final search was conducted on the 1 September 2021
and resulted in a total of 512 articles. Detailed search
strategies are given in Supplementary Table 1.

For this meta-analysis, we included TCS in order to
distinguish PD from ET patients. For further analysis
papers had to satisfy the following, predefined eli-
gibility criteria: 1) Manuscripts were required to be
published in English language; 2) PD and ET patients
were included in the study; 3) Studies were required
to either report true positive (TP), true negative (TN),

false positive (FP), and false negative (FN) rates,
or overall sample size and sensitivity and speci-
ficity values. Our meta-analysis complied with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [7]. Stud-
ies comparing structural parameters between other
neurodegenerative diseases or healthy controls (HC)
only were not included. We performed also a sensitiv-
ity analysis including three studies, which have been
excluded from the primary analysis due to method-
ological concerns.

Quality assessment

The Quality Assessment Tool for Diagnostic Accu-
racy Studies 2 (QUADAS-2) [8], which was rated
and documented using Review Manager 5.3 (Nordic
Cochrane Centre, Copenhagen, Denmark), was used
to assess each study’s methodological quality regard-
ing risk of bias and concerns regarding applicability.
The assessment was performed by two independent
raters (BH, MP) and discordant ratings were resolved
in a discussion of the two raters. Data extraction was
done for each paper by the two independent investi-
gators.

Data analysis

For statistical analysis, the following data were
extracted from each of the studies: 1) Number of par-
ticipants in each group; 2) sensitivity and specificity,
or alternatively, TP, TN, FP, and FN rates.

MetaDTA was used to assess diagnostic test accu-
racy [9, 10]. Chi2 tests were applied to assess hetero-
geneity of sensitivities and specificities, the null
hypothesis being in both cases, that all studies are
equal.

The sensitivities and specificities of each study
were summarized using the hierarchical summary
receiver operating characteristics (HSROC) curve
approach [11] and are given with 95% confidence
intervals (95% CI) (Supplementary Figure 1).

An additional meta-analysis was conducted to
compare diagnostic accuracy between TCS and
DaTSCAN including those three studies where a
comparison of these two imaging modalities for dif-
ferentiation between PD and ET was available.

RESULTS

Study characteristics

A total of 512 manuscripts were identified by
the initial literature research. After review of the
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Table 1
Overview of included studies with demographic data

Author PD/ET N all Bone m/f Disease Disease Hoehn & UPDRS III UPDRS III Age PD Age ET
patients window duration ET duration PD Yahr PD ET patients patients
screened (PD/ET) patients patients patients patients

Alonso-Canovas
et al. 2014 [19]

105/57 96/50 n.a. n.a. n.a. n.a. n.a. n.a. 72.5 ± 10.2 72.5 ± 10.8

Bartova et al. 2014
[20]

29/11 29/11 26/14 39.18 ± 9.64 18.67 ± 12.2 2 (1–3)∗ 24.87 ± 9.6 5.82 ± 1.25 56.9 ± 10.3 55.5 ± 6.2

Budisic et al. 2009
[16]

80/30 70/30 n.a. n.a. 5 (1–19)∗ 2 (1–5)∗ 18.3 ± 6.4 n.a. 62.4 ± 10 60.2 ± 9

Cardaioli et al.
2019 [12]

79/59 74/36 87/51 7.1 ± 6.1 6.9 ± 5.3 2 (1–4)∗ 20.4 ± 10.4 n.a. 69.4 ± 9.9 71.5 ± 10.5

Chen et al. 2012
[29]

37/26 37/26 40/23 12.0 ± 10.8 3.6 ± 3.1 1-2: n = 28, 17.8 ± 12.3 n.a. 63.8 ± 8.7 59.1 ± 12.3
2.5–4: n = 9

Chitsaz et al. 2013
[21]

50/48 43/43 43/43 5.1 (2–8)∗ 5.5 (3–7)∗ n.a. n.a. n.a. 63.39 ± 11.49 59.44 ± 10.03

Doepp et al. 2008
[22]

46/25 46/25 49/22 3.0 ± 2.3 2.5 ± 1.5 n.a. 10.9 ± 5.5 5.0 ± 2.2 64 ± 10 64 ± 12

Grippe et al. 2018
[13]

39/11 39/11 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Jesus-Ribeiro et al.
2016 [25]

32/26 32/26 35/28 5.5 (2)∗ 2.0 (1)∗ n.a. n.a. n.a. 62 (13)∗ 65 (15)∗

Kim et al. 2012 [27] 86/100 47/64 32/79 6.8 ± 8.1 1.8 ± 1.6 n.a. n.a. n.a. 66.6 ± 11.7 62.8 ± 12.2
Lauckaite et al.

2012 [14]
71/58 71/58 64/65 5 (2–11)∗ 3 (2–6)∗ 2 (1–2)∗ 12.63 ± 1.73 n.a. 63.8 ± 10.1 63.5 ± 12.6

Lauckaite et al.
2014 [15]

141/116 141/116 114/143 5 (1–10)∗ 3 (1–6)∗ 1.8 ± 0.8 14 (9–20) 4 (1–6) 64.4 ± 11.2 63.9 ± 14.4

Lopez Hernandez
et al. 2015 [18]

30/21 30/21 37/14 6.3 ± 3.2 2.1 ± 0.9 n.a. n.a. n.a. 70 ± 10 67 ± 10

Richter et al. 2017
[17]

31/16 31/16 29/18 8.4 ± 11.0 9.5 ± 6.5 2.1 ± 0.7 32.0 ± 20.2 7.6 ± 3.4 67.1 ± 8.3 62.6 ± 12.9

Stenc Bradvica
et al. 2015 [26]

59/51 59/51 52/58 n.a. n.a. n.a. n.a. n.a. 67.2 ± 7.6 65.2 ± 8.8

Stockner et al. 2007
[23]

100/44 100/44 89/55 19.4 ± 16.3 9.27 ± 6.8 n.a. n.a. n.a. 65.2 ± 8.6 66.2 ± 10.8

Tao et al. 2020 [24] 119/106 119/106 148/77 5.3 ± 2.4 3.2 ± 1.5 1.6 ± 0.6 20.5 ± 6.3 7.2 ± 2.5 61.7 ± 8.9 63.2 ± 9.6
Wang et al. 2021

[28]
500 200/90 179/111 3.8 ± 2.3 3.5 ± 1.7 3.4 ± 0.8 28.8 ± 8.8 n.a. 62.6 ± 7.3 51.4 ± 8.2

All values given in mean ± standard deviation unless stated different; ∗median (IQR); + gender distribution is given either of all patients
screened or of patients included in the analysis.

Table 2
Results of meta-analysis with cut-offs, sensitivity, and specificity for all included studies with demographic details

Author TP FN FP TN Cut-off (SN+) Sens Spec

Alonso-Canovas et al. 2014 [19] 80 16 5 45 0.21 cm2 83.0 90.0
Bartova et al. 2014 [20] 26 3 2 9 0.25 cm2 89.6 81.8
Budisic et al. 2009 [16] 64 6 4 26 0.20 cm2 91.4 86.7
Cardaioli et al. 2019 [12] 56 18 10 26 0.14 cm2 75.0 72.0
Chen et al. 2012 [29] 18 19 4 22 0.20 cm2 48.7 84.6
Chitsaz et al. 2013 [21] 39 4 7 36 0.20 cm2 90.7 83.7
Doepp et al. 2008 [22] 36 10 2 23 0.20 cm2 78.0 92.0
Grippe et al. 2018 [13] 37 2 1 10 0.20 cm2 93.9 95.2
Jesus-Ribeiro et al. 2016 [25] 28 4 1 25 0.24 cm2 87.5 96.2
Kim et al. 2012 [27] 35 12 8 56 0.20 cm2 74.5 87.5
Lauckaite et al. 2012 [14] 66 5 26 32 0.20 cm2 91.8 55.2
Lauckaite et al. 2014 [15] 106 35 49 67 0.20 cm2 75.0 58.0
Lopez Hernandez et al. 2015 [18] 21 9 2 19 0.24 cm2 83.3 90.5
Richter et al. 2017 [17] 28 3 2 14 0.20 cm2 90.3 87.5
Stenc Bradvica et al. 2015 [26] 56 3 6 45 0.20 cm2 94.9 88.2
Stockner et al. 2007 [23] 75 25 7 37 0.24 cm2 75.0 84.0
Tao et al. 2020 [24] 108 11 10 96 0.20 cm2 91.2 90.5
Wang et al. 2021 [28] 162 38 19 71 0.25 cm2 81.0 75.4

FN, false negative; FP, false positive; Sens, sensitivity; SN+, substantia nigra hyperintensity; Spec, specificity; TN, true negative; TP, true
positive.
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Fig. 1. Flowchart for the identification of eligible studies.

abstracts, 46 publications were selected. Eighteen
studies satisfied the predefined criteria and were
assessed [12–29]. A detailed flow chart of the review
process is shown in Fig. 1.

All studies only included patients with sufficient
temporal bone window in the final analysis. All stud-
ies except of two [14, 26] used established criteria for
PD and ET as a reference standard, albeit the criteria
used are not consistent between the studies: For PD
diagnosis, two studies [12, 24] used the MDS clini-
cal diagnostic criteria [30], thirteen studies [13–20,
23, 25, 27–29] used the UK Brain Bank Criteria [31,
32], two studies [21, 22] used the Gelb et al. crite-
ria [33], and one study did not explicitly state which
criteria for PD diagnosis were used [26]. For two
studies, abnormal presynaptic dopaminergic termi-
nal radiotracer-imaging as assessed with DaTSCAN
was an inclusion criterion for patients with PD [25,
26]. For ET diagnosis, ten studies [12, 15–19, 23–25,
28] used the Consensus statement of the Movement
Disorder Society on Tremor [34], four studies [13,
20, 27, 29] used criteria for the diagnosis of essential
tremor [35], two studies [21, 22] used the diagnostic
criteria for essential tremor [36], and two studies [14,
26] did not explicitly state which criteria were used.

All but two studies [13, 26] were prospectively
conducted and reported blinded procedure. Interrater
agreement was given in four studies and has shown
to be very good in all studies [16, 17, 24, 25]. Six
studies [12, 15, 20, 22, 25, 26] conducted DaTSCAN
as well, but only three of the included studies [20, 22,

25] compared TCS and DaTSCAN results for differ-
entiation between PD and ET, the other three studies
used an abnormal DaTSCAN result as an inclusion
criterion for PD patients.

We did not include the following four studies
because of methodological concerns: Two of these
reports assessed the predictive diagnostic accuracy of
TCS in patients with unclear parkinsonism of recent
onset [40, 41]. Another study evaluated the com-
bined assessment of motor asymmetry, hyposmia,
and SN + for the diagnosis of PD [42]. Due to missing
information on the frequency of an insufficient bone
window across the diagnostic categories in the study,
neither sensitivity and specificity, nor TP, TN, FP, and
FN rates of SN + in the ET and PD groups could be
calculated.

Finally, another report assessed SN + only by
visual inspection without measuring the nigral
echogenicity manually [39].

Quality assessment (Fig. 2)

The accuracy of SN + in order to distinguish be-
tween PD versus ET was examined in all 18 included
publications. All studies showed a high risk of bias
regarding the methodological quality of patient selec-
tion, as all patients were seen in specialized outpatient
departments without avoiding case control design and
only included patients with sufficient temporal bone
window in the final analysis.

Meta-analysis

The analysis of this systemic review showed a
pooled sensitivity and specificity of TCS for the dif-
ferential diagnosis of PD versus ET of 84.6% (95%
CI, 79.4–88.6%) and 83.9% (95% CI, 78.4–88.2%),
respectively (Fig. 3). Furthermore, we compared a
subgroup-analysis comparing diagnostic accuracy of
TCS and DaTSCAN in three studies [20, 22, 25]
including 107 patients with PD and 62 patients with
ET. Albeit the small number of studies included, we
found nearly similar results in sensitivity and speci-
ficity with overlapping 95% CI intervals comparing
TCS and DaTSCAN (Fig. 4).

Sensitivity analysis

Additionally, we added a sensitivity analysis
including the three studies [39, 40, 41], which have
been excluded from the primary meta-analysis due to
methodological reasons mentioned above.
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Fig. 2. Quality assessment of the included studies based on QUADAS-2.

The sensitivity analysis revealed a similar diagnos-
tic accuracy compared to the primary meta-analysis
with a sensitivity of 82.1% (95% CI, 75.4–87.2%)
and a specificity of 79.1% (95% CI, 68.8–86.6%),
respectively.

DISCUSSION

In this meta-analysis, we aimed to evaluate the
diagnostic accuracy of SN + as assessed with TCS
for the differential diagnosis of PD versus ET.



1120 B. Heim et al. / TCS for Differentiating PD from ET

Fig. 3. Forest plot of sensitivity and specificity of TCS for the diagnosis of PD versus ET.

Overall, our meta-analysis considered articles pub-
lished until 2021 and revealed that SN + shows a good
overall sensitivity of 84.6% (95% CI, 79.4–88.6%)
and specificity of 83.9% (95% CI, 78.4–88.2%) to
distinguish PD from ET. Our results resemble a previ-
ous meta–analysis [37], having revealed a sensitivity
of 78% (95% CI: 69–85%) and specificity of 85%
(95% CI: 77–91%) to distinguish PD from ET.

By contrast to this previous meta-analysis, we have
included five new reports [12, 13, 17, 24, 28, 38],
which have been published over the last five years,
while we did not include others [38–41] because of
methodological concerns: Two of these reports [39,
40] assessed the predictive diagnostic accuracy of
TCS in patients with unclear parkinsonism of recent
onset. Neither sensitivity and specificity, nor TP, TN,
FP, and FN rates of SN + in the ET and PD group could
be calculated from another report [41], which evalu-
ated the combined assessment of motor asymmetry,
hyposmia and SN + for the diagnosis of PD, as rates
of an insufficient bone window across the diagnostic
categories were not provided. Finally, another report
[38] assessed SN + only by visual inspection with-
out measuring the nigral echogenicity manually. We
performed, however, a sensitivity analysis including

three of these studies [39, 40, 41], which have been
excluded from the primary meta-analysis. The sensi-
tivity analysis, indeed, revealed a similar diagnostic
accuracy compared to the primary meta-analysis with
an only marginally lower sensitivity and specificity
of 82.1% (95% CI, 75.4–87.2%) and 79.1% (95%
CI, 68.8–86.6%), respectively. Methodological con-
cerns of those studies, which were not included in
the primary meta-analysis but in the sensitivity anal-
ysis, might explain the slightly lower sensitivity and
specificity of the sensitivity analysis compared to the
primary meta-analysis.

In order to assess study quality and risk of bias, the
QUADAS-2 tool was used [8]. Two studies did not
provide information on the reference standard used
(e.g., which diagnostic criteria were used) [14, 26].
Except of two [13, 26], all studies were prospective
and reported blinded procedure. Formal assessment
of interrater variability was performed in four of the
above-mentioned studies [16, 17, 24, 25], with good
interrater correlation for TCS.

DaTSCAN is the only imaging technique which
is approved in different countries including the
United States of America and European Union [42]
for the differential diagnosis of early PD versus
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Fig. 4. Forest plots of sensitivity and specificity of TCS (A, pooled sensitivity: 84.1%, 95%CI: 75.9–89.9%; B, pooled specificity:
91.9%, 95%CI: 82.0–96.6%) versus DaTSCAN (C, pooled sensitivity: 90.7%, 95%CI: 83.5–94.9%; D, pooled specificity: 96.8%, 95%CI:
88.0–99.2%) for the diagnosis of PD versus ET.

ET or secondary parkinsonism such as vascular or
drug-induced parkinsonism [43]. Indeed, there are
situations in which DaTSCAN can be helpful in
confirming a diagnosis—when neurologic exam find-
ings are not clear-cut and discrimination between the
tremors of ET and PD is difficult. In such circum-
stances, DaTSCAN is an approved imaging test to
help diagnose PD. Three [20, 22, 25] of the included
studies compared results of DaTSCAN and TCS on
differentiation between PD and ET and found that
TCS and DaTSCAN show similar diagnostic accu-
racy in all studies (Fig. 4).

Although up to 20% of HC may feature SN + [44],
these individuals have a 20-fold increased risk of
developing PD within 5 years compared to those
HC without SN + [45]. Intriguingly, a study assess-
ing TCS in individuals with suspected parkinsonism
and DaTSCANs without evidence of dopaminergic
deficit (SWEDD) depicted a diagnostic accuracy for
separating PD from a SWEDD diagnosis of 86% (39)

indicating that TCS is useful to distinguish patients
with PD from patients with SWEDD and can pro-
vide additional information in patients presenting
with inconclusive parkinsonian symptoms. Similarly,
patients with ET [12, 46] and REM sleep behavior
disorder [47] presenting with SN + have been shown
to have an increased risk to develop future PD. On
the other hand, SN + is a time-independent marker in
prodromal and early PD disease stages and does not
change with disease progression [48–50]. Therefore,
our meta-analysis suggests that diagnostic work-flow
of patients where clinical discrimination between
the tremors of ET and PD is difficult may include
TCS as a low cost, widely available, non-invasive
marker without radiation. Absence of SN + argues
against PD, while ET patients with SN + may go on
to develop PD in the future. This may be particularly
useful in patients where discrimination between the
tremors of ET and PD is clinically difficult, and the
more expensive DaTSCAN could be omitted. On the
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other hand, DaTSCAN can follow a TCS result of
SN + to enhance diagnostic accuracy of PD diagno-
sis, because presence of SN + in ET patients might
detect ET patients evolving PD in the future [12, 46].
However, such a diagnostic algorithm needs, to be
validated.

Nevertheless, there are also limitations of TCS:
the most important factor is that TCS is dependent
on the investigator’s experience and a temporal bone
window is needed for examination, with 4–15% of
European populations providing an insufficient tem-
poral window especially in advanced age [51].

To conclude, TCS provides adequate evidence for
the differentiation of PD versus ET, and a diagnostic
algorithm based on presence or absence of SN + is
worth considering.
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