m

Our portfolio is growing to serve you better. Now you have a choice. VIEW CATALOG

Transcranial Sonography of the Substantia

Nigra: Digital Image Analysis
D. Skoloudik, M. Jelinkova, J. Blahuta, P. Cermék, T.
Soukup, P. Bértov, K. Langovaand R. Herzig

AINR Am J Neuroradiol 2014, 35 (12) 2273-2278
doi: https://doi.org/10.3174/gjnr.A4049

Thisinformation is current as ) :
of May 7, 2025. http://www.ajnr.org/content/35/12/2273


http://www.ajnr.org/cgi/adclick/?ad=57948&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn_pdf_1872x240_may25
https://doi.org/10.3174/ajnr.A4049
http://www.ajnr.org/content/35/12/2273

ORIGINAL RESEARCH
BRAIN

Transcranial Sonography of the Substantia Nigra:

Digital Image Analysis

D. Skoloudik, M. Jelinkovd, J. Blahuta, P. Cermék, T. Soukup, P. Bértovd, K. Langovd, and R. Herzig

ABSTRACT

B

BACKGROUND AND PURPOSE: Increased echogenicity of the substantia nigra is a typical transcranial sonography finding in Parkinson
disease. Experimental software for digital analysis of the echogenic substantia nigra area has been developed. The aim of this study was to
compare the evaluation of substantia nigra echogenicity by using digital analysis with a manual measurement in patients with Parkinson
disease and healthy volunteers.

MATERIALS AND METHODS: One hundred thirteen healthy volunteers were enrolled in the derivation cohort, and 50 healthy
volunteers and 30 patients with Parkinson disease, in the validation cohort. The substantia nigra was imaged from the right and left
temporal bone window by using transcranial sonography. All subjects were examined twice by using different sonographic machines
by an experienced sonographer. DICOM images of the substantia nigra were encoded; then, digital analysis and manual measure-
ment of the substantia nigra were performed. The 90th percentile of the derivation cohort values was used as a cut-point for the
evaluation of the hyperechogenic substantia nigra in the validation cohort. The Spearman coefficient was used for assessment of the
correlation between both measurements. The Cohen k coefficient was used for the assessment of the correlation between both
measurements and Parkinson disease diagnosis.

RESULTS: The Spearman coefficient between measurements by using different machines was 0.686 for digital analysis and 0.721 for
manual measurement (P < .0001). Hyperechogenic substantia nigra was detected in the same 26 (86.7%) patients with Parkinson
disease by using both measurements. Cohen k coefficients for digital analysis and manual measurement were 0.787 and 0.762,
respectively (P < .0001).

CONCLUSIONS: The present study showed comparable results when measuring the substantia nigra features conventionally and by using
the developed software.

ABBREVIATIONS: ACI = first-order agreement coefficient; | = intensity; PD = Parkinson disease; SN = substantia nigra; Tl = tissue index; TCS = transcranial sonography

arkinson disease (PD) is a progressive neurodegenerative disor-
der. Postmortem and neuroimaging studies showed that PD-
associated neuronal dysfunction, cell loss, and a-synuclein pathology
begin years before clinical symptoms appear and clinical diagnosis is
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possible."™* This preclinical period may be the most promising time
window for successful neuroprotective interventions in PD.?
Increased echogenicity of the substantia nigra (SN) is a typ-
ical transcranial sonography (TCS) finding in patients with
PD. Recent studies reported an enlarged hyperechogenic SN in
approximately 90% of patients with PD, by using cutoff values
between 0.20 and 0.25 cm?, depending on the specific sonog-
raphy system used.®” In contrast, a hyperechogenic enlarged
SN is detectable in only approximately 10% of healthy volun-
teers.® Moreover, this feature is already present in prediagnos-
tic disease stages and persists during the course of PD without
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significant changes.”'® Approximately 60% of healthy volun-
teers with hyperechogenic SN show a decrease in '*F-DOPA
uptake in the striatum,® and hyperechogenic SN is more fre-
quently observed in subjects prone to develop extrapyramidal
symptoms after neuroleptic therapy.'!

However, the main limitation of TCS in the evaluation of SN
hyperechogenicity is the dependence of image quality on both the
sonographer’s experience and the quality of the bone win-
dow."*'* Digital analysis of TCS images of the SN could eliminate
this limitation. We developed an experimental application
B-mode Assist System with a graphic user interface in Matlab
(MathWorks, Natick, Massachusetts), an integrated development
environment with a plug-in Image Processing Toolbox, for digital
analysis of SN echogenicity.">'°

The aim of the study was to compare the manual measurement
of SN with digital analysis of SN echogenicity by using the devel-
oped software obtained by 2 different sonography machines in
patients with PD and healthy volunteers.

MATERIALS AND METHODS

One hundred nineteen healthy volunteers were examined in the
neurosonologic laboratory during 1 month for the evaluation of
normal values for SN for both manual and automatic measure-
ments of the area: the derivation cohort. Two months later, 52
healthy volunteers and 32 patients with PD were enrolled in the
validation study: the validation cohort. Patients with PD were
diagnosed in accordance with the UK Parkinson’s Disease Society
Brain Bank criteria.'” Subjects who exhibited low quality of the
TCS B-mode (due to an insufficient temporal bone window) as
tested by the developed software were excluded from the
study—6 in the derivation cohort, 2 healthy volunteers, and 2
patients with PD in the validation cohort. The image quality was
evaluated by a developed B-mode Assist System as a part of the
digital analysis of the image. Images with a mean value of
brightness intensity (I) = 25 in all 5 X 5 mm pixels were
considered low-quality. The entire study was conducted in ac-
cordance with the Declaration of Helsinki of 1975 (as revised
in 2004 and 2008). The study was approved by the ethics com-
mittee of the University Hospital Ostrava. All patients pro-
vided written informed consent.

Transcranial Sonography

The substantia nigra was imaged in all subjects from both the right
and left temporal bone windows in the axial mesencephalic plane.
Two examinations of the SN were performed by using 2 different
machines, My Lab Twice (Esaote, Genova, Italy) with a PA 240
phased array (machine 1) and Vivid 7 Pro (GE Healthcare,
Horten, Norway) with a 3S phased array (machine 2) in all sub-
jects during a 2-week period.

The examination was performed through a temporal bone
window with the following parameters: for the My Lab Twice: a
penetration depth of 16 cm; penetration, high; dynamic range, 7
(50 dB); frequency, 1-4 MHz; enhancement, 3; attenuation, 2;
view, 9; persistence, 7; dynamic compression, 0; gain, 36%; gray
map, 0; S view, off; 2 focuses in 5 and 10 cm; mechanical index,
0.9; tissue indices (TIs) 1.0, TIB 1.0, and TIC 2.1; for the Vivid 7
Pro: penetration depth, 15 cm; dynamic range, 51 dB; frequency,
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FIG1. Transcranial sonography: brain stem with the substantia nigra
imaged from a transtemporal approach, axial mesencephalic plane. 1)
middle cerebral artery, 2) perimesencephalic cisterns, 3) substantia
nigra, 4) fourth ventricle, and 5) brain raphe.

1.5-3.6 MHz; persistence, 5.6; frame rate, 24.5/s; filter reject, 2;
gain, —10; gray map, J; 2 focuses in 5 and 10 cm; mechanical
index, 1.2; TIC, 1.4.

The butterfly-shaped structures of the mesencephalic brain
stem and the region of the SN were depicted as clearly as possible
from the transversal plane (Fig 1). The right and then the left
temporal bone windows were used, and both images were saved in
DICOM format. Personal data and examination times were de-
leted, and all acquired images were encoded as anonymized data
by using a unique key before manual measurement or digital
analysis.

Four images (1 image from the left side and 1 from the right
side acquired by using both machines) were obtained from each
subject. All examinations were performed by a single sonographer
(D.S.) who was blinded to the patient diagnoses but not to move-
ment disorder symptoms.

Manual and Automatic Measurements

The SN ipsilateral to the insonation was assessed from both sides.
Manual SN echogenic size measurements were performed on ax-
ial scans automatically after manual encircling of the outer cir-
cumference of the echogenic SN area from encoded images by the
same experienced sonographer (D.S.) with 15 years’ experience
with TCS evaluation of the SN.'®'? Interinvestigator and intrain-
vestigator correlations were published previously.'*

For all subsequent processing steps of the digital analysis and
measurement, images without SN-area encircling were converted
to 8-bit gray-scale (intensity value I = 0-255). The designed al-
gorithm allowed region-of-interest-based processing on gray-
scale images with intensities of 0—255, binary thresholding, and
computation of areas inside an elliptic region of interest. The size
and shape of the region of interest were based on the histologic
image of the SN (Fig 2), and the same region of interest was used
for digital analysis of all images.'>'® Input images were loaded
into the application and cropped to a window of 50 X 50 mm
from the native axis of the image. A predefined elliptic region of
interest was manually placed in the region of the SN by a single
technician (J.B.) trained in TCS image evaluation. The algorithm
computed the area for each I (from 0 to 255) inside the total



area = 50 mm? of the elliptic region of interest circumscribed in
the ipsilateral SN. The echogenicity index as a total sum of areas
(area under the curve) was counted for each image. The 90th

percentile value from the derivation cohort was set as a border

FIG 2. Placement of the region of interest (green) for digital analysis
on the TCS brain stem images obtained from a healthy volunteer (A)
and a patient with Parkinson disease (B).
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value. The difference between the border value and the counted
value of the echogenicity index of each image in the validation
cohort was used for differentiation between normal (minus val-
ues) and hyperechogenic SNs (plus values) (Fig 3).

Statistics

The Shapiro-Wilk test was used for the correspondence of calcu-
lated parameters to a normal distribution. Data with a normal
distribution are reported as mean = SD. All parameters not fitting
a normal distribution are presented as mean, median, and inter-
quartile range. Comparative statistical analysis was performed to
calculate the level of linear correlation, with the Spearman corre-
lation coefficient (r), between both manual measurement and
digital analysis, right and left temporal bone windows, and differ-
ent sonographic machines. The Cohen « and first-order agree-
ment coefficient (AC1) were applied when we statistically assessed
the correlation between PD diagnosis and manual measurement
or digital analysis results. The higher values of manually measured
echogenic SN areas and echogenicity indices obtained by using
digital image analysis from the right and left temporal bone win-
dows were used for these statistics. Receiver operating character-
istic curves for PD diagnosis by using both measurements with
area under the curve and optimal cut-point determination were
performed for machine 1. Statistical evaluations were performed
by using SPSS, Version 17.0 (IBM, Armonk, New York).

RESULTS

After subjects (healthy volunteers and patients with PD) with a low
quality of the TCS B-mode were excluded, 113 healthy volunteers in
the derivation cohort and 50 healthy volunteers and 30 patients with
PD in the validation cohort were evaluated.
Demographic data of the derivation and
validation cohorts are presented in Table 1.

The 90th percentile values for both ma-
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SN echogenicity index, counted by using
digital analysis, was highly correlated be-
tween machine 1 and machine 2 (r = 0.996,
P <.01). The values of the 90th percentile of
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FIG 3. The difference between the 90th percentile of the derivation cohort (red line; echoge-
nicity index, 18.536) and the counted value in the validation cohort (black) measured by using
machine 1. A, Normal echogenicity of the substantia nigra (echogenicity index, 11.760). B, Hyper-
echogenic substantia nigra (echogenicity index, 31.810).
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volunteers by using machine 1 and digital
analysis of the TCS image. In the same 4
volunteers, the bilateral hyperechogenic SN
was detected by using machine 2 and digital
analysis of the TCS image, but only in 2 of
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them was an enlarged hyperechogenic SN = 0.24 cm? found by using
manual measurements in both machines. In the remaining 2 subjects
with hyperechogenic SNs in digital analysis, the manually measured
SN area was borderline (0.23 and 0.24 cm?, respectively).

The correlations between the manual measurement and
digital analysis for both machines, between images obtained by
different machines, and between the right and left SN by using
both manual measurement and digital analysis are presented in
Table 2.

Cohen k and ACI1 coefficients for digital manual measurement
and digital analysis were k = 0.762 (95% CI, 0.615-0.909), AC1 =
0.787; and k = 0.787 (95% CI, 0.648—-0.926), AC1 = 0.812, respec-
tively (P < .0001 for both measurements). Receiver operating char-
acteristic curves for PD diagnosis by using both measurements and
machine 1 are shown in Fig 5. Areas under the curve for manual
measurement and for digital analysis were 0.936 (95% CI, 0.882—
0.990) and 0.937 (95% CI, 0.884—0.990), respectively. The optimal

Table 1: Demographic data of the derivation and validation cohorts

cut-point for the echogenic area by using manual measurements was
>0.25 cm?, with 86.7% sensitivity and 96.0% specificity for PD. The
optimal cut-point for the echogenicity index by using digital analysis
was >18.576 for machine 1 and >18.118 for machine 2, with 86.7%
sensitivity and 92.0% specificity for PD.

DISCUSSION
Correlations between manual measurement and B-mode Assist
System digital analysis were high in the presented study, with the
Spearman coefficient > 0.6. Both correlations between measure-
ments from images acquired from different machines and be-
tween right and left SN were similar when measured manually and
digitally. The similar correlation coefficients between measure-
ment of the right and left SN by using both manual measurement
and digital analysis showed that both techniques were able to de-
tect the asymmetry in SN echogenicity.

At present, no software for the evaluation of SN hyperechoge-
nicity is routinely used. Contrary to pre-
viously tested programs (software) based

Validation Cohort

on image segmentation and consecutive

Derivation Cohort Healthy Patients measurement of the hyperechogenic SN
Healthy Volunteers  Volunteers with PD area, %2 the presented software did not
No. of subjects 3 50 30 use an arbitrary cutoff value of echogenic-
Mean age (yr) 523 + 131 541 +12.2 569 +10.5 ity (represented by brightness intensity)
Male sex (No.) (%) 58 (51.3) 25 (50.0) 19 (63.3) Yy {rep @ by brig Y
Median UPDRS-III (IQR, range) NA NA 29.5(20.5-38.5;12-47)  for the evaluation of the hyperechogenic
Median Hoehn and Yahr stage NA NA 2(1-3;1-3) SN area. Problems with determination of
(IQR, range) this cutoff value are the main limitation
L-DOPA therapy (No.) (%) NA NA 19(63.3%) for routine use of such software because
DA therapy (No.) (%) NA NA 15 (50.0) I minor ch this value lead
Mean of disease duration NA NA 284 +12.0 (6-48) only minor changes ot this vatue fead to a

(mo) (range)

substantial shift in measured SN area. Re-

Note:—DA indicates dopamine agonist; IQR, interquartile range; NA, not applicable; UPDRS, Unified Parkinson’s

sults of the present study demonstrate the

Rating Scale. usability of digital analysis of SN echoge-
nicity with the developed B-Mode Assist
th i .

90™ percentile System software, which counts the SN
£0:000 echogenicity index instead of the SN area
50,000 measured by previously developed soft-
%t 40,000 \:\ ware programs. Thereby, it overcomes the
E 10000 \\ problems with determination of the echo-

T \ —90th GE genicity cutoff value.
i 20,000 \ ——90th ESAOTE Despite progress in the quality of TCS
10,000 \\ images obtained by high-end sonographic
0,000 machines, the main limitation of sono-
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threshold absolute in intensity 0-255

FIG 4. The 90th percentile of the derivation cohort for the Esaote My Lab Twice (machine 1)
and GE Healthcare Vivid 7 Pro (machine 2) machines.

pendence on the sonographer’s experi-
ence and skill, and the results may be
biased, especially with less experienced

Table 2: Correlations between manual measurement and digital analysis of substantia nigra echogenicity for both machines, between
measurements performed using different machines, and between the right and left substantia nigra using both manual measurement

and digital analysis

Correlations Spearman Coefficient P Value
Between manual measurement and digital analysis for My Lab Twice 0.630 <.0001
Between manual measurement and digital analysis for Vivid Pro 7 0.553 <.0001
Between digital analysis using different machines 0.686 <.0001
Between visual measurements using different machines 0.721 <.0001
Between the right and left substantia nigra using digital analysis and My Lab Twice 0.575 <.0001
Between the right and left substantia nigra using digital analysis and Vivid Pro 7 0.512 .0001
Between the right and left substantia nigra using manual measurement and My Lab Twice 0.494 .0003
Between the right and left substantia nigra using manual measurement and Vivid Pro 7 0.631 <.0001
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FIG 5. Receiver operating characteristic curve for Parkinson disease
diagnosis using manual measurement (blue) and digital analysis (red)
of the substantia nigra for machine 1.

investigators.'*'® In addition, the quality of the TCS examination
is dependent on the bone window quality.'>'*'® In contrast to the
second limitation, the first one should be partially eliminated by
using the developed software.">'¢

The 90th percentile of the SN area measured in healthy volunteers
is used as a border between normal and hyperechogenic enlarged
SNs.'® This value differs between different machines and sonogra-
phers, usually between 0.20 and 0.25 cm®.°"®'®** In the presented
derivation cohort, the 90th percentile for both machines (My Lab
Twice and Vivid 7 Pro) was the same (0.24 cm?). Moreover, the
90th percentile of the echogenicity index using software for the
digital analysis of the image was similar for both machines. These
results demonstrated the reproducibility of SN features measured
by TCS, not only when the same machine is used but also when
using 2 different high-end machines (My Lab Twice and Vivid 7
Pro).”%!'%!%:24-26 Several previous studies showed that TCS is an
easily reproducible method and has a high specificity and sensi-
tivity for the diagnosis of PD.”*!®!®2%2¢ Interinvestigator and
intrainvestigator correlations of SN evaluation are high and sta-
tistically significant (r = 0.85, Cohen k coefficient = 0.83, intra-
class correlation coefficient = 0.84—0.96).>'**>2%-28 However,
semiquantitative TCS evaluation of SN echogenicity and mea-
surement of the SN area are highly dependent on the sonogra-
pher’s experience, with significant correlations observed only for
the experienced physician sonographers (r = 0.85, P < .001) and
poor correlations for the sonographic lab assistant or physician
without sonographic experience (r < 0.47, P > .05)."*

One of the main roles of a digital analysis of SN echogenicity
should be the improvement of interinvestigator and intrainvesti-
gator correlations. Nevertheless, its potential use in the detection
of changes in SN echogenicity during a course of PD should be
tested in the future. Studies with manually measured SN did not
show any changes in the hyperechogenic SN area in patients with
PD during a 5-year follow up.” The results of several animal and
postmortem studies demonstrated that SN echogenicity is signif-
icantly dependent on its iron content, and increased tissue iron
concentration correlates with SN hyperechogenicity.®*°=>! This,
together with an apparently autosomal dominant inheritance of
this echo feature in relatives of patients with idiopathic PD, sup-

ports the idea of a primary role of disturbed iron metabolism in
PD.*? It is still possible that other factors contribute to SN hyper-
echogenicity, such as abnormal iron-protein bindings, gliosis,
and structural changes of neurons or glial cells (atrophy, morpho-
logic changes of cells) in the SN.?* Due to overcoming the depen-
dency on a subjective bias when evaluating the echogenic SN area
manually, the digital analysis of SN echogenicity should be tested
for detection of minor and slow changes in SN echogenicity in
patients with PD in future studies.

Several limitations of the present study should be mentioned.
First, the TCS examination was performed only by a single well-
trained sonographer. Sonographers without TCS experience
could have problems with correctly imaging the SN. MR imaging—
TCS fusion imaging with virtual navigation technology could be
helpful in this case. Second, the quality of the TCS image is influ-
enced by the quality of the sonography machine and its preset
parameters. For digital analysis, the optimal quality of the TCS
image is evaluated by developed software, but it is very subjective
when using manual measurements. Finally, the standard sonog-
raphy system settings should be used.”” Especially, changes in
settings influencing the image brightness (eg, gain or dynamic
range) could lead to a bias. This influence of gain changes can be
overcome by also performing the B-mode Assist System digital
image analysis for the reference region (eg, thalamus or occipital
lobe white matter) and by using the obtained data for a correction
of the digital analysis of the SN area. For the future, there is a new
technique, MR imaging—TCS fusion imaging with virtual naviga-
tion technology, that could be helpful in more accurate TCS di-
agnostics.”* This technique enables simultaneous real-time TCS
and MR imaging (or CT) of brain structures, with possible over-
lapping of both images.*® It allows one to exactly determine sev-
eral structures on TCS imaging for subsequent analysis (eg, sub-
stantia nigra, red nucleus, brain raphe, caudate nucleus, lenticular
nucleus, or insular cortex).

CONCLUSIONS

Digital analysis of SN echogenicity by using the B-mode Assist
System showed comparable results with conventional manual
measurement of the echogenic SN area by an experienced sonog-
rapher. The presented digital analysis may overcome the main
limitation of TCS evaluation of SN—the dependence on the
sonographer’s experience.

Disclosures: David Skoloudik—RELATED: Grant: Moravian-Silesian Region.* Petra
Bartové—RELATED: Grant: Moravian-Silesian Region.* *Money paid to the
institution.
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