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INTRODUCTION

In patients with Parkinson’s disease (PD), one of the 
common non-motor symptoms is depression. Signif-
icant depressive events are known to occur in 40-50% 
of patients with PD throughout their clinical course.1 
The onset of depression is not concurrent with the 

recognition of motor symptoms, and may show as an 
early manifestation of PD. Also, premorbid depression 
is known to be more frequent in patients with PD than 
in the general population.2 The raphe nucleus (RN) is a 
structure of the serotonergic system, in the midline of 
the brainstem, which is involved in depression. Thus, 
as depression is a predictor for the development of PD, 
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finding abnormalities in the mesencephalic midline 
may be a useful diagnostic approach.3

Transcranial sonography (TCS) is a non-invasive 
neuroimaging procedure that can be applied in the 
bedside environment. Becker et al.4 were the first to 
report hypoechogenicity of brainstem raphe (BR) as a 
characteristic TCS finding in depressed PD patients. 
Since then, several studies confirm that the rate of de-
creased echogenicity in the BR is significantly higher 
in patients with PD with depression.3,5,6 A standardized 
protocol, based on accepted TCS practice, is essential 
for the clinical study using TCS. Standardized scanning 
procedure can achieve comparability of TCS findings 
between different study groups. However, an exact 
methodology of measuring echogenicity in the BR in 
Korean patients with PD has not been appropriately 
described. The objective of this study was to investigate 
the feasibility of transcranial sonographic measure-
ments of mesencephalic midline change in Korean 
patients with PD. We also questioned that there may be 
any differences regarding to the rate of poor temporal 
window (TW) between TCS and transcranial Doppler 
(TCD) examination.

SUBJECTS AND METHODS

Between January 2015 and January 2018, patients pre-
senting to the PD clinic of the Sanggye Paik Hospital 
were enrolled in this study. Patients were eligible for 

the study if they had de novo PD and were 40 years of 
age or older. The criteria of the UK Parkinson’s Disease 
Society Brain Bank were strictly used for the diagnosis 
of PD.7 The patients’ demographics, the progression of 
their symptoms, and their motor disabilities were doc-
umented at baseline.

As a result of a first consensus meeting of the Euro-
pean Society of Neurosonology and Cerebral Hemody-
namics 2004, a state-of-the-art examination protocol 
was established. Subsequently, updates on method-
ological standards including definitions of clear quality 
criteria of adequate TCS imaging were provided.5 For 
the study, high-resolution B-mode ultrasound mea-
surements of the BR were performed using a Siemens 
Acuson S1000 scanner (Siemens Healthcare GmbH, Er-
langen, Germany) with a 2.0-3.5 MHz transducer. TCS 
modes were set at an image depth of 14-16 cm and a dy-
namic range of 45-60 dB. Low echo signal suppression, 
time gain compensation, and brightness were adjusted 
as needed. With the patient in a supine position, BR 
echogenicity is observable by scanning through the pre-
auricular transtemporal bone window. At the axial scan-
ning plane, the image can be set at the midbrain level. 
After finding a butterfly-shaped mesencephalic midline 
and freezing the image, BR echogenicity was evaluated 
semiquantitatively (Fig. 1). The reference point for rat-
ing BR echogenicity was the adjacent highly echogenic 
red nucleus. A three-point scale was used for this study. 
A rating of grade I was given when the BR was not visi-
ble. Grade II indicated slightly echogenic or interrupt-
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Fig. 1. Sonographic axial images of the brainstem raphe. The butterfly-shaped midbrain was encircled with a dotted line for better visualization. 
Arrowheads indicate the brainstem raphe (BR). Arrows indicate red nuclei, used as the reference echogenicity of the raphe nuclei. (A) Normal 
echogenicity (grade III), (B) hypoechogenic BR (grade II), (C) invisible BR (grade I).
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ed BR, and grade III was applied for normal or higher 
BR echogenicity. Subjects were examined on both sides, 
since transtemporal windows are not always symmetric. 
The higher score of two bilateral measurements was 
chosen as the BR echogenicity grade. 

An experienced physician conducted all measure-
ments according to a standardized manual of opera-
tions. The BR was measured consecutively at different 
days to assess intraobserver variability (H.W.K.), and 
then graded by three different observers (H.W.K., H.R.Y., 
and S.W.H.) to estimate interobserver variability. All 
subjects provided signed informed consent, and the 
study was approved by the local institutional review 
board.

1. Statistical analysis

Data are expressed as mean±standard deviation or as 
numbers (%) unless otherwise indicated. The Student’s 
t-test was used to compare normally distributed data 
and the Mann-Whitney U test was used to compare 
non-normally distributed data. Categorical data were 
examined using chi square analysis. Reliability was es-
timated by Cohen’s kappa coefficient, in order to mea-
sure the degree of intra- and interobserver agreement. 
Two-sided null hypotheses of no difference were reject-
ed if p-values were lower than 0.05. SPSS version 20.0 
for Windows (IBM Co., Armonk, NY, USA) was used for 
statistical analysis.

Table 1. Baseline characteristics of enrolled patients grouped by TW

Good TW (n=151, 75.5%) Poor TW (n=49, 24.5%) p-value

Age, years 66.9±9.47 72.1±8.47 0.122

Sex (women) 73 (48.3) 44 (89.8) <0.0001

Diabetes 17 (11.3) 6 (12.2) 0.832

Hypertension 31 (20.5) 8 (16.3) 0.536

Dyslipidemia 15 (9.9) 3 (6.1) 0.446

Duration, years 1.5±1.42 1.6±1.69 0.278

HY stage 1.7±0.66 1.9±0.89 0.003

UPDRS 33.0±27.42 35.3±20.21 0.679

UPDRS-III 20.8±11.55 24.1±13.98 0.078

Values are presented as mean±standard deviation or number (%).
TW; temporal window, HY; Hoehn-Yahr stage, UPDRS; Unified Parkinson’s Disease Rating Scale. 

Table 2. Baseline characteristics of enrolled patients grouped by TW and sex

Good TW (n=151) Poor TW (n=49)

Men (n=78, 51.7%) Women (n=73, 48.3%) p-value Men (n=5, 10.2%) Women (n=44, 89.8%) p-value

Age, years 66.5±9.56 67.3±9.40 0.704 75.8±3.56 71.6±8.72 0.114

Diabetes 9 (11.5) 8 (11) 0.987 0 6 (13.6) 0.505

Hypertension 16 (20.5) 15 (20.5) 0.995 1 (20) 7 (15.9) 0.789

Dyslipidemia 8 (10.3) 7 (9.6) 0.897 0 3 (6.8) 0.719

Duration, years 1.5±1.43 1.5±1.42 0.648 1.5±0.94 1.7±1.76 0.469

HY stage 1.7±0.68 1.7±0.65 0.708 2.7±0.98 1.9±0.85 0.825

UPDRS 35.0±34.87 31.0±15.41 0.325 49.6±16.82 33.7±20.09 0.822

UPDRS-III 21.2±12.14 20.5±10.95 0.981 31.2±11.17 23.3±14.15 0.465

Values are presented as mean±standard deviation or number (%).
TW; temporal window, HY; Hoehn-Yahr stage, UPDRS; Unified Parkinson’s disease Rating Scale.
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RESULTS

A total of 200 patients with PD were recruited for 
the study. Their mean age was 68.2 years (range, 41-
92) and 117 patients were women (58.5%). Table 1 shows 
the baseline characteristics of the enrolled patients 
grouped by visibility of the TW. Of all 200 patients, 
BR echogenicity could not be measured in 49 patients 
(24.5%), due to a bilateral poor TW. A poor TW was sig-
nificantly more frequent in woman than men (37.6% 
vs. 6%, p<0.0001). Table 2 demonstrates the baseline 
characteristics of the patients grouped by TW and sex. 
No significant differences were observed in these char-
acteristics between groups. 

Intra- and interobserver reliability was analyzed us-
ing kappa statistic. The overall kappa value was excel-
lent (k>0.8). Intra- and interobserver reliability was 0.842 
and 0.821, respectively. Intraobserver differences were 
observed in seven patients; all cases were between grade 
II and III. Interobserver disagreement was observed in 
14 patients. Two were between grade I and II, and all 
other cases were between grade II and III. There were 
no cases where all three physicians disagreed with each 
other.

DISCUSSION

In this study, we investigated the feasibility of tran-
scranial sonographic measurements of BR echogenicity 
in Korean patients with PD. We tested its ease of use 
and the inter-rater reliability in this study. The first 
measurement and discovery of decreased BR echoge-
nicity in depressed patients using TCS was reported 
in 1994.8 Since then, several studies based on the same 
concept were conducted; one study has confirmed the 
interrater reliability of BR echogenicity.9 Our study also 
shows that this method of BR echogenicity measure-
ments is applicable and provides excellent intra- and 
interobserver agreement in Korean patients with PD.

The raphe nuclei are an extensive cluster of neurons 
in the midline of the brainstem. The neurons mainly 
release serotonin and project to other parts of brain. 
Projections take role in various functional systems, 
such in motor, somatosensory and limbic.10 Especially, 
the strong association of the BR with mood disorders 

like depression has been investigated. The connec-
tion between nucleus raphe dorsalis in the midbrain 
and orbital cortex is considered as the contributing 
pathway.11,12 Few studies about the correlation of TCS 
finding to signal alteration on magnetic resonance 
imaging (MRI) has been reported, suggesting that hy-
poechogenicity may reflect a structural disruption of 
mesencephalic fiber tracts of the dorsal RN. This inter-
pretation would be in line with reported corresponding 
increased T2-relaxation time of BR in patients with 
unipolar depression suggesting a pathology affecting 
the serotonergic raphe nuclei. However, the anatom-
ical image of the raphe nuclei cannot be consistently 
identified in MRI data.13 Instead, reduced echogenicity 
of BR in TCS better indicates the reduction of the sero-
tonergic neurotransmitter system. The precise patho-
physiological and morphological interpretation of BR 
hypoechogenicity is still speculative. Further multi-
modal imaging studies on depressive patients with the 
combination of histopathology are needed to speculate 
the impact of the hypoechogenic BR in the pathophysi-
ology of depression.

Two major limitations of TCS impede its more 
widespread use. First, it is highly operator dependent 
requiring detailed three-dimensional knowledge of 
brain anatomy and experience for accurate interpreta-
tion. Therefore, standardized scanning protocol with 
transducer positioning and orientation, depth selec-
tion, and structure identification will support good 
TCS research applications. Second, it is also hampered 
by the high rate of inadequate acoustic windows. In 
our study, a total of 49 (24.5%) patients had a bilateral 
poor TW, significantly more women than men. It is 
well known that a poor TW is common in oriental or 
black people, especially in elderly women, as observed 
in TCD study.14 There were few studies regarding to the 
rate of poor TW in TCS study. TCS examination is per-
formed through the transtemporal bone window using 
an ultrasound system equipped with a phased-array 
transducer (2.0-3.5 MHz). TCS modes were set at an im-
age depth of 14-16 cm and a dynamic range of 45-60 dB. 
In TCD study, Doppler signals from the main stem of 
middle cerebral artery were obtained transtemporally 
with a traditional 2-MHz transducer at depths of 56-60 
mm. Compared to other TCD studies, the poor TW rate 
in our patient sample is lower than that found in previ-
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ous studies conducted in Asian populations, including 
a Korean study showing a poor TW rate of 34%.15-17

In conclusion, altered echogenicity of the BR in TCS 
may support the pathogenic link between depression 
and PD.18,19 Hypoechogenic BR is a correlate of central 
serotonergic dysfunction.19 Using the current methods, 
we will conduct further studies regarding the BR and 
neuropsychiatric symptoms in Korean patients with 
PD. 
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