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ABSTRACT

Objective: Essential tremor (ET) is the most common movement
disorder. ET diagnosis may precede future Parkinson’s disease.
Substantia nigra hyperechogenicity in transcranial sonography
(TCS) is associated with Parkinson’s disease. The underlying
etiology of substantia nigra hyperechogenicity remains unclear. In
this study, we aimed to investigate the significance of the
substantia nigra hyperechogenicity in patients with essential
tremor.

Methods: A total of 55 patients with ET and 60 matched controls
underwent TCS. The hyperechogenic area was measured in the
SN. Approximately ten years after their baseline TCS, all patients
were inquired about their current condition, treatment, and
medications to determine whether they had received a diagnosis
of PD.

Results: A total of 15 subjects were excluded due to insufficient
image acquisition. The echogenic area of the SN ranged from 0.01
to 0.86 cm? (mean 0.25+0.15) in the patient group and from 0.02
to 0.72 cm? (mean 0.15+0.16) in the control group. Patients with
ET had a significantly larger echogenic area than controls
(p=0.001). 47% (26/55) of the patients have hyperechogenic SN,
whereas only 15 % (9/60) of healthy controls have
hyperechogenicity in the substantia nigra. None of the patients
reported having a change in their diagnoses of ET.

Conclusions: The results of this study show that SN
hyperechogenicity is increased in patients with ET. Transcranial
sonography  may contribute to understanding the
pathophysiology of ET.
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Amag: Esansiyel tremor (ET) en sik goriilen hareket bozuklugudur.
ET ayri bir hastalik olarak kabul edilse de, klinik takipte ET tanil
vakalarin Parkinson Hastaligina (PH) ilerleyebildigi bilinmektedir.
Transkraniyal sonografide (TKS) Substantia nigra (SN)
hiperekojenitesi saptanmasi, PH ile iliskili bulunmustur. Ancak bu
radyolojik bulgunun etiyolojisi ve klinik anlami belirsizligini
korumaktadir. Biz de bu galismada esansiyel tremorlu hastalarda
SN hiperekojenisitenin 6nemini arastirmayi amagladik.

Yéntem: Bu ¢alismada ET tanisi olan toplam 55 hastaya ve yaslari
benzer 60 kontrole TKS uygulandi ve SN hipekojeniteleri 6lgtldi.
Baslangi¢ TKS'lerinden yaklasik on yil sonra, tim hastalara tekrar
ulagildi ve PD teshisi alip almadiklari, mevcut durumlari, tedavileri
ve ilaglari hakkinda sorular soruldu.

Bulgular: Calismaya dahil edilen 115 hastadan 15’i yetersiz
gorintl kalitesi nedeniyle ¢alismadan dislandi. SN'nin ekojenik
alani hasta grubunda 0,01 ile 0,86 ¢cm? (ortalama 0,25+0,15),
kontrol grubunda ise 0,02 ile 0,72 cm? (ortalama 0,15%0,16)
arasinda degisiyordu. ET'li hastalarda kontrollere gore anlamli
Olctide daha blyuk bir ekojenik alan 6lgtildi (p=0,001). Hastalarin
%47'si (26/55) hiperekojenik SN'ye sahipken, saglikli kontrollerin
sadece %15'i (9/60) substantia nigra'da hiperekojeniteye sahipti.
Hastalarin higbiri takipte ET tanilarinda bir degisiklik oldugunu
bildirmedi.

Sonug: Bu galismanin  sonuglar, ET'li  hastalarda SN
hiperekojenitesinin  arttigini  géstermektedir.  Transkraniyal
sonografi ET patofizyolojisini anlamaya katki saglayabilir.
Anahtar Kelimeler: Esansiyel tremor, parkinson
substantia nigra hiperekojenitesi, transkraniyal sonografi
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Introduction

Essential tremor (ET) is the most common movement
disorder in adults % It is characterized by action tremor of
the arms, which may progress in severity, spreading to
the limbs or head and becoming disabling. There is still
an ongoing debate on the pathology underlying the
disease. Essential tremor has been proposed to be a
neurodegenerative condition considering its insidious
onset, progressive course, and association with an
increased risk for Parkinson’s disease (PD) and
Alzheimer’s disease. In addition, autopsy findings of loss
of Purkinje cells in the cerebellum and Lewy bodies in the
locus coeruleus supported the neurodegenerative nature
of ET 2. However, there have been claims that ET might
be a disorder of a thalamocorticocerebellar network
rather than a degenerative condition 3. In addition, in
some ET subgroups, a transformation from ET to PD has
been reported % The diagnosis of ET is based on a
thorough patient history-taking and clinical examination,
with particular attention given to differentiating from
PD. However, due to the overlapping clinical features, it
may be challenging to distinguish ET from PD, even for
expert neurologists in movement disorders.

Currently, the differentiation between ET and PD may be
possible by dopamine transporter imaging, which can
demonstrate presynaptic neurodegeneration consistent
with PD 2. However, this imaging modality is expensive
and only available at some facilities. Transcranial
sonography (TCS) is a non-invasive and inexpensive tool
used to assess the presence of hyperechogenicity of the
substantia nigra, indicating a degenerative course in PD
or alike, and recognized as an additional diagnostic tool
in PD 56, Previous studies showed significant
hyperechogenicity in the area of SN in patients with PD
compared with ET and healthy controls 7.
Hyperechogenic SN is defined if the calculated
hyperechogenic SN area is greater than the determined
cut-off value for SN echogenicity, which may differ from
center to center °. Consistent with the guidelines, a cut-
off value of 0.21 cm? for SN hyperechogenicity was
determined in our center to differentiate PD from
healthy controls 2 In addition, several studies also
assessed SN hyperechogenicity in ET patients and
reported a wide range of incidences from 0% to 33% 7°-
14 SN hyperechogenicity in ET was attributed to the close
anatomical relation of the nucleus ruber to the SN, with
a consideration of a linkage between ET and PD which is
the increased risk of ET transforming to PD 715 |In
addition, a recent longitudinal study suggested that
increased substantia nigra hyperechogenicity may be a
risk marker in determining the early Parkinson’s signs in
ET patients 6. However, other studies found no
difference in SN hyperechogenicity between ET and
controls’. In order to address these gaps, we investigated
ET patients with TCS for the evaluation of SN
hyperechogenicity and, after 10 years, inquired into their
clinical status about the risk for transformation to PD.
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Methods

The present study involved fifty-five consecutive patients
in a prospective design diagnosed with ET from June 2008
to 2010. In all patients, the diagnosis was based on the
criteria of the Washington Heights-Inwood Genetic Study
of Essential Tremor (WHIGET)Y. Informed consent was
obtained from each patient. The study was approved by
the institutional review board of Goztepe Training and
Research Hospital.

Demographic data and clinical characteristics of the
patients were recorded. A detailed family history was
taken. The duration of the disease and age of disease
onset was inquired. ET was classified as mild, moderate,
or severe based on the WHIGET criteria.

All  patients underwent transcranial sonography
performed by the same experienced radiologist who was
blinded to the diagnosis of the patients, using a 1-4 MHz
transducer (Siemens Antares Medical System, Munich,
Germany). The penetration depth was 16 cm, with a
dynamic range between 40-60 dB. The transducer was
placed on the preauricular region of the temporal bone
in the axial plane so that the butterfly-shaped
hypoechogenic midbrain could be visualized. After
acquisition, the image of the midbrain was frozen, the
mesencephalic tegmentum was marked and the
echogenicity of the substantia nigra was depicted. The
marked echogenic area was calculated in cm?
automatically by the device. Images with insufficient
acquisition were excluded. The results obtained from ET
patients were analysed according to the disease duration
and severity of ET and in comparison, with 60 age- and
sex-matched healthy controls who had visited the
neurology outpatient clinic for various reasons and who
had been found to have no neurologic problem during
the enrolment period.

In addition, patients were contacted via telephone calls
about 10 years after their baseline TCS examinations for
their current condition, treatment and medications and
to determine whether they had received a diagnosis of
PD. Those with increased SN values above the cut-off
values of the present study and the cut-off values
reported for PD patients & were particularly inquired with
respect to transformation risk from ET to PD.

Statistical Analysis

Continuous variables were expressed as mean
(tstandard deviation) and categorical variables were
expressed as number and percentages. as well as one-
way analysis of variance for comparisons between
groups, Tukey multiple comparison test for subgroup
comparisons, independent t test for comparison of
paired groups, chi-square test for comparison of
qualitative data were used.

Sensitivity, specificity, positive predictive value, negative
predictive value, LR were calculated in determining the
cut-off points for SN+ (hyperechogenicity of substantia
nigra), and the area under the ROC curve was calculated.
The results were evaluated at the significance level of p
<0.05, at a 95% confidence interval.
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Results

Of 55 patients with ET and of 60 controls, 10 and 5
subjects, respectively, were excluded due to insufficient
image  acquisition.  Demographic and clinical
characteristics of the patients are summarized in Table 1.
The patient and control groups were similar in age and
gender (p>0.05). The mean age of the patients was
55.2+15.2 the mean duration of the disease 10.5+10.3
years, and the mean age of onset 55.2 £15.2 years. There
was a male predominance (36/19).

Table 1. Clinical and demographic characteristics of the patients
and the control group

ET Control
n:55 n:60
Age (years) 62.52+6.23 65.05+9.49
S Male 36 (65.5%) 32 (53.3%)
ex
Female 19 (34.5%) 28 (46.7%)
Disease Duration 10.47 + 10.32 N/A
(years)
Family history of ET (n) 32 (58.1%) N/A

Abbreviations: ET, essential tremor; n, number; N/A, not
applicable

The estimated echogenic area of the SN ranged from 0.01
to 0.86 cm? (mean 0.25+0.15) in the patient group and
from 0.02 to 0.72 cm? (mean 0.15%0.16) in the control
group. Patients with ET had a significantly larger
echogenic area than controls (p=0.001). Transcranial
sonography findings are shown in Table 2. No significant
corelation was found between the echogenic SN area and
sex, age, family history, duration and age of the disease
onset, and disease severity. Nearly half of the patients
(26/55) have hyperechogenic SN whereas only 15 %
(9/60) of healthy controls have hyperechogenic SN.

Table 2. Transcranial sonography findings of the ET patients
and control group

ET Control P value
N:55 N:60
MB (cm?) 2.63+0.41 2.760.53 0.052
SN (cm?) 0.25+0.15 0.15+0.16 0.001
SN/MB 0.10+0.07 0.05+0.06 0.001

Significant p-values are shown in bold. Abbreviations: MB,
Midbrain; SN, Substantia nigra.

In ROC analyses, the area under the curve was 0.753
(Figure 1). A cut-off value of 0.13 cm? for the
hyperechogenic SN area in ET represented a sensitivity of
78.3%, a specificity of 70.9%, a positive predictive value
of 68.4% and a negative predictive value of 80.2%.
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Figure 1. ROC curve of the cut-off value of hyperechogenic SN
Area Under Curve: 0.753+0.037 (0.683 —0.815)

After a period of nearly ten years from baseline TCS
evaluations, 20 patients were available to follow-up
controls. Among them, 7 patients who had been
considered to have hyperechogenic SN based on both the
cut-off values of the present study and the cut-off values
reported for PD patients. None of the responding
patients reported having a change in their diagnoses of
ET.

Discussion

In the present study, SN hyperechogenicity was seen
significantly higher in ET patients than healthy controls.
SN hyperechogenicity  indicating  the  striatal
degeneration suggests an association between ET and
PD.

In a follow-up study, of 70 ET patients with baseline TCS
findings 54 were examined after a mean of 6.16 years for
a new-onset diagnosis of PD with clinical features and
TCS. Strikingly seven of 18 patients (38.8%) who had SN
hyperechogenicity developed PD on ET supporting the
increased risk of PD development on ET®. Despite
numerous investigation on the relation between ET and
PD including epidemiologic, imaging, pathologic and
genetic studies, the association has not been defined
clearly >*15, Our data may create a base for investigating
ET converting to PD. Further follow-up studies may be
combined with multimodal assessment methods such as
DAT SCAN or instrumented motion analysis.

Not surprisingly, similar to PD patients in the literature,
SN echogenicity showed no correlation with the clinical
features of the patients °. The exact reason underlying
this echogenicity in SN remains unclear, but studies claim
increased iron accumulation during the degenerative
process of the disease, indicating the vulnerability of the
region %12, Thus, our results are important for showing a
possible link between the ET and the radiological findings
of sonographic evaluation of SN.
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The limitation of the study may be the selection of the
patients. The diagnosis of ET is made based on clinical
features.

Conclusion

Our results demonstrate that SN hyperecogenicity is
significantly increases in ET group compared to healthy
controls. Although, the follow-up study did not support
the relation between conversion of ET to PD in the
patients with larger SN hyperecogenicity, undoubtful
difference with healthy controls still prove the value of
transcranial sonography studies in the diagnosis and as
well as enlightening the mechanisms of ET.
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