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Background: Transcranial sonography (TCS) has become a new diagnostic tool in the evaluation of extrapyramidal disorders. Studies
of TCS report alterations of the mesencephalic raphe in patients with depression. The aim of this study was to evaluate TCS findings in
patients with Huntington disease in correlation with their neurologic and psychiatric status. Methods: We recruited patients with genetic -
ally confirmed Huntington disease. The neurological and psychiatric status of participants was assessed by independent physicians.
Echogenicities were investigated according to examination protocol for extrapyramidal disorders using a Siemens Sonoline Elegra sys-
tem. The sonography examiner was blinded for clinical data. Results: We included 39 patients in our study; 21 patients (53.8%) showed
symptoms of depression at the time of evaluation and, of those, 15 (71.4%) had hypoechogenic raphe structures. Thirty patients (76.9%)
had a history of depressive episodes, 19 (63.3%) of them with hypoechogenic raphe structures. All 9 patients without a history of depres-
sive episodes showed normal echogenicity of raphe structures (sensitivity 63.3%, specificity 100%). Twelve (70.6%) of the 17 patients
with Huntington disease who showed psychiatric disturbances prior to the occurrence of motor symptoms exhibited pathological raphe
echogenicity (sensitivity 70.6%, specificity 68.2%). Limitations: Most of the patients were taking antichoreatic medication, which particu-
larly influences neurologic status. Thus, a meaningful interpretation of the correlation between TCS findings and neurologic features was
limited. Conclusion: As a novel finding, a relation between mesencephalic raphe echogenicity and depressive state could be identified
in patients with Huntington disease. An alteration of the serotonergic brain stem raphe might be involved in the pathogenesis of depres-
sion in these patients.
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Introduction

Huntington disease is an autosomal dominant disorder
caused by an unstable expansion of the trinucleotide repeat,
cytosine–adenine–guanine (CAG), on chromosome 4p16.3.1

This CAG expansion leads to a progressive neurodegenera-
tion of the basal ganglia, particularly of the neostriatum.2

However, neuronal loss has been identified in other sub -
cortical and cortical regions.3

Choreatic involuntary movements are the hallmark of
Huntington disease, although rigidity, bradykinesia and dys-

tonia may also be present.4 Diagnosis and treatment of Hunt-
ington disease typically focuses on movement dis orders; how-
ever, the clinical phenotype is also  associated with psychiatric
symptoms like depression, irritability, aggression, anxiety and
psychotic and compulsive symptoms.5 The psychiatric dis -
turbances often appear years before the onset of motor symp-
toms.6 Cognitive decline may even lead to dementia.5

Transcranial sonography (TCS) has become a reliable and sen-
sitive diagnostic tool in the evaluation of extrapyramidal move-
ment disorders, especially in the differentiation of parkinsonian
syndromes.7–10 Furthermore, alterations of the brain stem raphe
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have been observed by TCS in patients with major depression
and in depressed patients with Parkinson disease.11–15

Up to now, there has been only 1 TCS study evaluating
basal ganglia alterations in patients with Huntington dis-
ease.16 The echogenicity of the brain stem raphe was not as-
sessed in this study. This is of particular interest since depres-
sion is a frequent psychiatric symptom in patients with
Huntington disease.5 Even in neurologically presymptomatic
Huntington disease, depressive symptoms appear in 30%–
58% of the mutation carriers.6 The suicide rate among pa-
tients with Huntington disease varies between 3% and 7.3%.17

The aim of our study was to evaluate echogenicity of the
basal ganglia, especially in the brain stem raphe, and to cor-
relate ultrasound findings with psychiatric features in par -
ticu lar, but also with neurologic and cognitive features.

Methods

Participants

We recruited patients with genetically confirmed Huntington
disease and a mini mental state examination score greater
than 24 points from the Huntington- Center North Rhine-
Westphalia in Bochum, Germany. We excluded those with an
inadequate temporal bone window. We noted participants’
mean age at onset of motor symptoms and at onset of depres-
sion. We calculated toxic load using the following formula:
(CAG repeat – 35.5) × age.21 All patients received the best pos-
sible medical treatment, including antichoreatic medication.
We also recruited age-matched healthy volunteers among
hospital staff, the medical student body and their friends and
families to form a control group. We determined the exist -
ence of a personal or family history of psychiatric or move-
ment disorders by means of a standardized interview, and
we excluded people with such history from the control
group. After complete description of the study to the partici-
pants, we obtained written informed consent. The local uni-
versity ethics committee approved our study protocol.

Clinical assessment

Trained and certified investigators (K.S., C.S.) independently
evaluated the clinical status of all patients according to the
Unified Huntington’s Disease Rating Scale (UHDRS).20 This
scale comprises ratings of motor performance, independent
functioning and total functional capacity, as well as cognitive
assessment. The motor score is the sum of the scores of items
1–15 ranging from 0 (healthy) to 124 points (most severe dis-
ease). The sum of the scores of items 70–74 compose the total
functional capacity, ranging from 0 (most severe disease) to
13 points (healthy). The independent functioning, and there-
fore the overall severity of the disease, was graded on the
 independence scale ranging from 80%–100% (self-care main-
tained) to 40%–75% (limited self-care) to 0%–35% (de pend -
ent). The scale has a 5% step classification, so ratings of
76%–79% and 36%–39% do not exist. The cognitive assess-
ment comprises a battery of neuropsychological tests (verbal
fluency, symbol digit, Stroop test). The sum of the scores of

these items is the cognitive score (the higher the cognitive
performance the higher the score).20

As depression in Huntington disease was a major focus of
our study, an independent psychiatrist (D.N.) with substan-
tial experience in caring for patients with neurodegenerative
disorders performed a detailed evaluation of depressive
symptoms. We also obtained information on the patients’
medical history from a third party, such as their partners or
other relatives. Diagnoses were based on the criteria of the
DSM-IV.22 The severity of depressive episode at time of
evalu ation was assessed using the Hamilton Rating Scale for
Depression (HAM-D).19 Since there might be an influence of
some Huntington disease symptoms on the depression scale,
we excluded items quantifying somatic features and psy-
chomotoric functions (items 7–9, 13, 16) from further analysis
(HAM-D*). We used the Beck Depression Inventory (BDI)18 as
a standardized meas ure for the self-assessment of depressive
syndromes. 

Transcranial sonography

Transcranial sonography was performed by a single inves -
tigator blinded to the clinical status (C.K.) through the
transtemporal bone window using a phased array ultra-
sound system equipped with a 2.5 MHz transducer (Sono-
line Elegra System; Siemens). A penetration depth of
150 mm and a dynamic range of 45 dB were chosen. Image
brightness and time gain compensations were adapted as
needed. The examination protocol was based on previous
published recommendations for TCS.23 Using the transtem-
poral approach, the midbrain and diencephalic examination
planes were visualized in axial sections. In case of hyper -
echogenicity of the substantia nigra, a planimetric measure-
ment was performed. Sizes of less than 0.20 cm2 were de-
fined as normal, sizes between 0.20 cm2 and 0.25 cm2 were
classified as moderate and sizes greater than 0.25 cm2 were
graded as markedly hyperechogenic.9 The brain stem raphe
was evaluated by bilateral TCS investigation. We used the
side with the best visible structure for statistics. Echogenicity
of the brain stem raphe was classified semiquantitatively on
a 3-point scale using the red nucleus or signal intensity of
the basal cisterns as reference points: 0 = raphe structure not
visible, 1 = reduced echogenicity (the echogenic line of the
brain stem raphe is interrupted or appears abnormally slight
and thin) and 2 = normal echogenicity. Echogenicities of the
thalami, lentiform nuclei and the heads of caudate nuclei
were analyzed from the contralateral side. These structures
were graded as hyperechogenic if they were more intense
than the surrounding white matter.10 The maximal width of
the frontal horns of the side ventricles, the distance between
the septum pellucidum and the head of caudate nucleus and
the minimal transverse diameter of the third ventricle were
measured on a standardized diencephalic examination
plane.16 The findings were stored, so that a second experi-
enced TCS investigator (J.E.), who was also blinded to the
clinical ratings, performed a second independent “off-line”
evaluation. In the case of discrepancies between the ratings,
a consensus was reached subsequently.
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Statistical analysis

Results are reported as mean values, standard deviations and
ranges. Interrater agreement was analyzed by Cohen’s κ, and
the agreement was estimated according to a classification
proposed by Landis and Koch.24 Statistical comparison of
groups and correlation analysis were performed by appropri-
ate nonparametric tests (Mann–Whitney U test, Fisher exact
test or Spearman rho test for independent samples) using
SPSS 17.0 for Windows.

Results

Clinical and genetic features

We assessed 42 patients with Huntington disease; 3 patients
(7.1%) were excluded owing to an inadequate temporal bone
window, leaving 39 patients (16 men, 23 women; mean age
47.9, standard deviation [SD] 9.5 yr) for inclusion in the
study. Their demographic and clinical characteristics are
summarized in Table 1. The mean age at onset of motor
symptoms was 42.4 (range 22–61) years, and the mean age at
onset of depression was 41.4 (range 18–63) years. Seventeen
patients (43.6%) showed symptoms of depression prior to the
occurrence of motor symptoms. All patients were taking anti-
choreatic medication, and 22 (56.4%) were taking antidepres-
sants (Table 2). We enrolled 40 healthy volunteers (19 men,
21 women; mean age 46.3, SD 7.1 yr) in the control group.

Twenty-one (53.8%) patients fulfilled the DSM-IV diagnostic
criteria for major depressive episode (mean age 50.8, SD 7.4 yr;
mean HAM-D score 23.0, SD 7.5; mean HAM-D* score 18.8, SD
7.2; mean BDI score 18.0, SD 9.5). Seventeen (81.0%) of these
21 patients were already taking antidepressive medication.
Eighteen (46.2%) patients reported no depressive symptoms
(mean age 44.5, SD 10.5 yr; mean HAM-D score 8.8, SD 4.7;
mean HAM-D* score 5.5, SD 4.5; mean BDI score 4.3, SD 3.1).
Nine (50%) of the currently nondepressed patients had re-
ported experiencing depressive episodes in their medical hist -
ory, with 7 still taking antidepressants. The CAG expansion
and the toxic load correlated with age at onset of symptoms
(p < 0.001 and p = 0.015, respectively), irrespective of whether
patients showed onset with motor or psychiatric symptoms.
Furthermore, the toxic load correlated with the UHDRS motor
score (p = 0.025) and UHDRS functional capacity (p = 0.022).
There were no correlations between CAG expansion or toxic
load and HAM-D* scores. Also, there were no correlations be-
tween severity of motor features or disease duration and
HAM-D* scores.

Table 1: Demographic and clinical characteristics of study participants

Group; mean (SD) [range]*

Characteristic Huntington disease Control

Number 39 40

Sex, male:female 16:23 19:21

Age, yr 47.9 (9.5) [28–69] 46.3 (7.1) [25–67]

CAG expansion 45.4 (4.5) [39–63] NA

Toxic load 435 (109) [224–825] NA

Age at onset of motor
symptoms, yr

42.4 (9.4) [22–61] NA

Age at onset of psychiatric
symptoms, yr

41.4 (9.3) [18–63] NA

UHDRS

Motor score 43.5 (19.7) [7–88] NA

Functional capacity 7.6 (2.7) [2–12] NA

Independence scale, % 70.8 (13.5) [50–90] NA

Cognitive score 151 (59) [60–346] NA

Symptoms of depression at
time of evaluation, no. (%)

21 (53.8) 0

History of depressive
episode, no. (%)

30 (76.9) 0

HAM-D score 15.7 (8.5) [3–37] 1.0 (2.1) [0–8]

HAM-D* score 12.6 (8.9) [1–34] 0.8 (1.9) [0–6]
BDI score 11.9 (10.1) [0–39] 2.0 (2.8) [0–8]

BDI = Beck Depression Inventory;18 CAG expansion = expansion of the trinucleotide
repeat, cytosine–adenine–guanine on chromosome 4p16.3; HAM-D = Hamilton Rating
Scale for Depression;19 HAM-D* = HAM-D with exclusion of items 7–9, 13 and 16;
NA = not applicable; SD = standard deviation; Toxic load = (CAG-exp – 35.5) × age;
UHDRS = Unified Huntington’s Disease Rating Scale.20

*Unless otherwise indicated.

Table 2: Psychopharmacological medication and daily dose

Medication No. Daily dose, median (SIQR) [range] mg

Tiapride 16 300.0 (81.0) [100.0–900.0]

Tetrabenazine 11 75 .0 (25.0) [25.0–200.0]

Mirtazapine 9 30.0 (0) [15.0–45.0]

Citalopram 7 20.0 (10.0) [20.0–60.0]

Quetiapine 6 250.0 (219.0) [25.0–600.0]

Lorazepam 4 1.5 (0.5) [0.5–4.0]

Zopiclone 4 7.5 (0) [7.5–7.5]

Valproate 4 450.0 (244.0) [150.0–1200.0]

Trihexyphenidyl 3 3.0 (0) [3.0–3.0)

Memantine 3 20.0 (10.0) [10.0–50.0]

Risperidone 2 1.5 (0.3) [1.0–2.0]

Trimipramine 2 100.0 (0) [100.0–100.0]

Pirenzepine 2 50.0 (0) [50.0–50.0]

Fluoxetine 2 35.0 (2.5) [30.0–40.0]

Haloperidol 2 3.5 (0.3) [3.0–4.0]

Baclofen 1 7.5

Biperiden 1 2.0

Bupropion 1 150.0

Carbamazepine 1 150.0

Chlorprothixene 1 50.0

Doxepine 1 50.0

L-Thyroxine* 1 75.0

Maprotiline 1 25.0

Melperone 1 37.5

Opipramol 1 50.0

Piracetam 1 1200.0

Sertaline 1 100.0

Sulpiride 1 200.0

Trimipramine 1 75.0

Venlafaxine 1 150.0

Zotepine 1 4.0
Zuclopenthixol† 1 200.0

SIQR = semi-interquartile range ([upper – lower quartile] ÷ 2)
*Dose in μg.
†Dose in retard every 14 days.



Transcranial sonography findings

Owing to partial insufficient bone window in 10 (25.6%) of the
39 patients, an adequate evaluation of the lateral ventricles
could not be performed bilaterally, so that only the width of
the third ventricle was used for further statistical analysis. In
5 (12.8%) of the patients, the caudate nuclei could not be evalu -
ated sufficiently. In 4 (10.3%) patients, the lentiform  nuclei
could not be evaluated satisfactorily. Evaluation of the width
of the third ventricle, substantia nigra and brain stem raphe
could be performed in all 39 patients with Huntington disease.

The mean width of the third ventricle was 8.1 mm (SD 2.7,
range 3.1–15.8 mm). Nineteen (48.7%) of 39 patients showed
pathologic signal of the brain stem raphe. In 14 of these patients,
the brain stem raphe echogenicity was reduced (grade 1),
whereas in 5 patients, the brain stem raphe was not visible
(grade 0). One patient exhibited a continuous but very slight
and thin signal of brain stem raphe. Compared with all other
patients with a continuous raphe signal (grade 2), this brain
stem raphe echogenicity was clearly reduced, so that this unique
case was also graded as reduced echogenicity (grade 1; Fig. 1C).
Sixteen (41.0%) patients showed hyperechogenicities of the sub-
stantia nigra (12 unilateral, 4 bilateral). Of these patients, 6 exhib-
ited marked hyperechogenicity, 2 bilaterally. The median
echogenic size of the substantia nigra in all patients with Hunt-
ington disease was 0.096 cm2 (SD 0.09, range 0.00–0.38 cm2).
Seven (20.6%) of 34 patients exhibited hyper echogenic lesions of
the caudate nuclei (4 bilaterally). Six (17.1%) of 35 patients
showed hyperechogenicities of the lentiform nuclei (1 bilater-
ally). In 7 patients, hyperechogenicities were detected in 2 differ-
ent regions (lentiform nuclei and substantia nigra in 5 patients;
caudate nuclei and substantia  nigra in 2 patients).

The 2 sonographers agreed independently in 34 (87.2%) of
the 39 brain stem raphe gradings, resulting in a substantial
agreement (Cohen’s unweighted κ = 0.782). There was un -
ambiguous consent in the classifications of the substantia
 nigra, lentiform nuclei and caudate nuclei findings.

Comparison of TCS findings between patients with
 Huntington disease and healthy controls

The width of the third ventricle in patients with Huntington 

disease was significantly larger than in the control group
(p < 0.001, Table 3). Seven (17.5%) controls had hyperecho -
genic lesions of the substantia nigra, 2 (5.0%) had hyper -
echogenic lesions of the caudate nuclei and 3 (7.5%) had hy-
perechogenic lesions of the lentiform nuclei. Patients with
Huntington disease significantly more often had hyper -
echogenicities of the substantia nigra than healthy controls
(p = 0.027). Additionally, we observed a trend toward greater
frequency of caudate nuclei hyperechogenicities in patients
with Huntington disease (p = 0.07). Four (10.0%) of the
40 controls exhibited reduced brain stem raphe echogenicity,
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A B C D

Fig. 1: Corresponding mesencephalic axial examination planes in 4 patients with Huntington disease. The butterfly-shaped midbrain is out-
lined for better visualization. The asterisk indicates the aqueduct. Arrowheads indicate the brain stem raphe. (A) Raphe structure not visible,
grade 0, pathologic finding. (B) Echogenic line of the raphe is interrupted, grade 1, pathologic finding. (C) Unique case of continuous but very
slight and thin signal of the raphe structure, grade 1, pathologic finding. (D) Normal echogenicity, grade 2, normal finding.

Table 3: Evaluation of brain parenchyma echogenicity in patients with
Huntington disease in comparison to healthy controls

Group; no. (%)*

Brain structure
Huntington

disease, n = 39 Control, n = 40 p value

Width of third ventricle,
mean (SD) [range] mm

8.1 (2.7) [3.1–15.8] 2.6 (0.7) [0.8–6.3] < 0.001†

Substantia nigra 0.027‡

Normal 23 (59.0) 33 (82.5)

Hyperechogenic 16 (41.0) 7 (17.5)

Moderate 10 6

Unilateral:bilateral 8:2 4:2

Marked 6 1

Unilateral:bilateral 4:2 1:0

Caudate nucleus 0.07‡

Normal 27 (79.4)§ 38 (95.0)

Hyperechogenic 7 (20.6)§ 2 (5.0)

Unilateral:bilateral 4:3 1:1

Lentiform nucleus 0.29‡

Normal 29 (82.9)¶ 37 (92.5)

Hyperechogenic 6 (17.1)¶ 3 (7.5)

Unilateral:bilateral 5:1 2:0

Mesencephalic raphe 0.002‡

Normal 20 (51.3) 34 (85.0)

Hyperechogenic 19 (48.7) 6 (15.0)

Reduced:not visible 14:5 4:2

SD = standard deviation.
*Unless otherwise indicated.
†Mann–Whitney U test. Mean ranks were 59.4 for patients and 21.1 for controls.
‡Fisher exact test.
§Evaluation performed only in 34 of the patients with Huntington disease.
¶Evaluation performed only in 35 of the patients with Huntington disease.
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and in 2 people (5.0%) the brain stem raphe was not visible.
Thus, a pathologic brain stem raphe echogenicity was de-
tected significantly more often in patients with Huntington
disease than in controls (p = 0.002). The detected echogenici-
ties of both groups are summarized in Table 3.

Comparison of TCS findings between subgroups of patients
with Huntington disease

A significant correlation between the width of the third ventricle
and the cognitive score, as well as the functional capacity, could
be observed in patients with Huntington disease (p < 0.001,
rho = –0.57 and p = 0.025, rho = –0.37, respectively; Fig. 2).

We found no correlation between clinical symptoms and
hyperechogenicities of the substantia nigra, caudate nuclei or
lentiform nuclei. Specifically, we observed no correlations
 between hyperechogenic caudate nuclei or lentiform nuclei
and disease severity or special clinical features like dystonia
in this patient population. Pathologic findings of the brain
stem raphe correlated significantly with the presence of de-
pressive symptoms depicted by HAM-D* and BDI scores
(p = 0.014 and 0.031, respectively; Fig. 3). Fifteen of the 21 cur-
rently depressed patients with Huntington disease showed
hypo echogenicity in the brain stem raphe, whereas among the
18 patients without depression at time of evaluation, a 
pa thologic signal was depicted in 4 patients (p = 0.004, 
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Fig. 2: Widths of the third ventricle in relation to cognitive and functional scores. Widths (in millimetres) of the third ventricle in patients with
Huntington disease, measured with transcranial sonography in relation to (A) the cognitive scores and (B) functional capacity. A correlation
between cognitive score and widths of the third ventricle (Spearman correlation, rho = –0.57, p < 0.001) as well as between functional capacity
and widths of the third ventricle (Spearman correlation, rho = –0.37, p = 0.025) was observed.
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Fig. 3: Echogenicity of the brain stem raphe in relation to depression scale scores. Normal and pathologic sonographic findings of mesen-
cephalic raphe structures in patients with Huntington disease in relation to (A) the Hamilton Rating Scale for Depression* (HAM-D*)19 scores
and (B) Beck Depression Inventory18 scores. A significant difference between normal or pathologic raphe-findings and HAM-D* scores
 (Mann–  Whitney U, p = 0.014) as well as BDI scores (Mann–Whitney U, p = 0.031) was observed. HAM-D* excludes items 7–9, 13 and 16.



sensitivity = 71.4%, specificity = 77.8%; Table 4). All 9 patients
without a history of depressive episodes had a regular
echogenic signal of the brain stem raphe, whereas 19 of the 30
patients with at least 1 previous depressive episode exhibited
hypo echogenicities in the brain stem raphe (p = 0.001; Table
4). Twelve (70.6%) of the 17 patients with Huntington disease
who showed psychiatric disturbances prior to the occurrence
of motor symptoms exhibited pathologic hypoechogenicity
of the brain stem raphe, whereas 7 (31.8%) of the 22 patients
showing motor symptoms as disease onset exhibited a patho-
logic signal (p = 0.025, sensitivity = 70.6%, specificity = 68.2%;
Table 4). No correlations were seen between high UHDRS
motor score and hypoechogenic brain stem raphe.

Discussion

The main sonographic finding of our study is that patients
with Huntington disease exhibiting a pathologic echogenicity
of the brain stem raphe significantly more often exhibit de-
pressive symptoms in the course of their disease than pa-
tients with normal raphe echogenicity. In our study, all pa-
tients with Huntington disease without any history of
depressive episodes showed normal echogenicity of the
raphe structures. Furthermore, in patients who showed psy-
chiatric disturbances prior to the occurrence of motor symp-
toms, a pathologic raphe echogenicity was detected signifi-
cantly more often.

The analysis of the relation between brain stem raphe
echogenicity and mood status was the main focus of our
study. It could be shown that patients with Huntington dis-
ease with depressive symptoms significantly more often ex-
hibited reduced echogenicity of the brain stem raphe than pa-
tients without depressive symptoms. Such observations have
been reported in patients with unipolar depression and in de-
pressed patients with Parkinson disease.11–15 The precise
pathophysiological and morphological interpretation of brain
stem raphe hypoechogenicity is still speculative. A correla-

tion of this finding to signal alteration on magnetic resonance
imaging (MRI) studies has been reported previously, sug-
gesting that hypoechogenicity reflects a structural disruption
of the mesencephalic raphe structure.12

Positron emission tomography studies analyzing neuro -
biological bases of emotional disturbances in patients with
Huntington disease demonstrate a widespread reduction of
activity within the frontal and parietal lobes.25 Mesencephalic
raphe nuclei form complex serotonergic interconnections
with forebrain structures, making an association between dis-
rupted serotonergic projections at the midbrain level and
frontal hypoactivity conceivable.12 However, 1 neuropatho-
logical study did not reveal neuronal pathology within the
dorsal raphe nucleus in patients with Huntington disease.26

On the other hand, raphe hypoechogenicities have also been
reported in patients with adjustment disorders and de-
pressed moods.14 Studies have shown that major depression
can be a consequence of being genetically tested for Hunting-
ton disease.27 High rates of affective disturbances have also
been reported in patients’ family members who do not carry
the genetic mutation, leading to the hypothesis that depres-
sive symptoms arise in response to emotional stressors, such
as being at risk for Huntington disease or the burden of
growing up in a family with affected members.28 From this
point of view, brain stem raphe hypoechogenicity might be a
finding reflecting a predisposition for depressive reaction, in-
dependent from the neurodegenerative process in Hunting-
ton disease. In the patients included in our study, the occur-
rence of depressive symptoms before motor symptoms was
related to the sonographic finding of raphe echogenicity. This
might support the idea of an increased liability to depressive
response to emotional stressors. Previous findings in patients
with adjustment disorders and depressed moods support
this interpretation.14 Interestingly, in our study, all 9 patients
with Huntington disease without previous depression exhib-
ited a regular raphe echogenicity. To our knowledge, there
have not been studies that use TCS for early detection of de-
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Table 4: Sonographic evaluation of mesencephalic raphe nuclei in patients with Huntington disease and correlation to
clinical data of depressive symptoms

Variable
Normal echogenicity of the
brain stem raphe, n = 20

Pathologic echogenicity of the
brain stem raphe, n = 19 p value Sensitivity Specificity

HAM-D*score, mean (SIQR) [range] 8.8 (8.3) [1–30] 16.8 (7.6) [3–34] 0.014*

BDI score, mean (SIQR) [range] 9.3 (8.5) [0–27] 14.4 (10.8) [2–39] 0.031*

No. patients (grade 1/grade 0)

Currently depressed, n = 21 6 15 (10/5) 0.004† 71.4 77.8

Currently not depressed, n = 18 14 4 (4/0)

Previous depression, n = 30 11 19 (14/5) 0.001† 63.3 100

No previous depression, n = 9 9 0 (0/0)

Psychiatric disturbances prior to
motor symptoms, n = 17

5 12 (9/3) 0.025† 70.6 68.2

Motor symptoms prior to psychiatric
disturbances, n = 22

15 7 (4/2)

Cumulative duration of depressive
episodes, mean (SD) [range] 15.5 (29.5) [0–110] 39.2 (45.6) [3–120]

0.007*

BDI = Beck Depression Inventory;18 HAM-D* = Hamilton Rating Scale for Depression with the exclusion of items 7–9, 13, and 16;19 SD = standard
deviation; SIQR = semi-interquartile range ([upper – lower quartile] ÷ 2).
*Mann–Whitney U test.
†Fisher exact test.
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pression or to identify prospectively those at risk for depres-
sion in any population.

Substantia nigra hyperechogenicities were first described
in patients with Parkinson disease.7 A review of 31 subse-
quent studies revealed that substantia nigra hyperechogen -
icities were present in 87% of the 1334 published cases.29

These hyperechogenicities are marked in 73%–79% and mod-
erate in 20%–25% of the cases.9,23 It is assumed that substantia
nigra hyperechogenicity is based on increased amounts of
iron bound to proteins other than ferritin.23,30

Although these findings are characteristic for idiopathic
Parkinson disease, less frequently, hyperechogenicities of the
substantia nigra were reported in other conditions, such as
spinocerebellar ataxia, depression and Huntington disease.15,16,31

In a study of 45 patients with Huntington disease, Postert
and colleagues16 observed hyperechogenicites of the substan-
tia nigra in 12 (27%) patients, of the caudate nuclei in 6 (13%)
patients and of the lentiform nuclei in 4 (9%) patients. These
authors reported that the number of CAG repeats and the
severity of the disease correlated with the identification of
hyperechogenicities of the substantia nigra. We could not
confirm a significant correlation between CAG repeats and
substantia nigra hyperechogenicity (p = 0.57). Since we ex-
cluded patients with higher grades of dementia from our
study, the cohort was different and a replication of reported
findings was not applicable.

We could demonstrate that pathologic signal of the cau-
date nuclei was more frequent in patients with Huntington
disease than healthy controls (p = 0.07). An association be-
tween caudate nuclei hyperechogenicity and increased signal
intensity in T2-weighted MRIs in patients with Huntington
disease has been reported previously.16 It is known that gli-
otic lesions account for high signal intensity in MRI.32 Hence,
this may support the hypothesis that sonographic detection
of hyperechogenicity reflects neurodegeneration. On the
other hand, signal alteration in MRI is also caused by ac -
cumu lation of metals.33 Neuroradiological examinations re-
vealed increased ferritin iron levels in the basal ganglia of pa-
tients with Huntington disease.34 This condition may lead to
changes of iron–protein binding, which might cause echo -
genic alterations similar to substantia nigra hyperechogen -
icities in Parkinson disease.23 Moreover, molecular findings
indicate that huntingtin plays an essential role in cellular iron
homeostasis.35 Additionally, postmortem studies showed
that, in addition to iron, copper levels are increased in pa-
tients with Huntington disease.34 Copper accumulation is
supposed to cause hyperechogenicities primarily of the
lentiform nuclei in patients with Wilson disease.10 Lentiform
nuclei hyperechogenicitiy is also a frequent finding in pa-
tients with cervical or upper-limb dystonia.36 Neuropatho -
logical examinations in patients with idiopathic dystonia re-
vealed sig nifi cantly increased copper levels in the globus
pallidum and putamen compared with control brain sam-
ples.37 Further neuropathological and multimodal imaging
studies are needed to elucidate the pathogenesis of the
hyper echogenicities in patients with Huntington disease.

Regarding brain atrophy, the sonographic evaluation of
the ventricular system, including ventricular enlargement,

has been described previously.38 The width of third ventricle
serves as a marker of cerebral atrophy in the sonographic dis-
crimination between corticobasal degeneration and progres-
sive supranuclear palsy.39 As expected, the patients with
Huntington disease in our study showed significantly larger
widths of the third ventricle than healthy controls. Further-
more, we documented a correlation between the extent of the
ventricular enlargement and cognitive score as well as func-
tional capacity. Recently, voxel-based morphometric studies
have described a correlation between cognitive dysfunction
and cerebral atrophy.40

Limitations

Most of the patients in our study were taking antichoreatic
medication, which particularly influences neurologic  status.
Thus, a meaningful interpretation of the correlation between
TCS findings and neurologic features was limited. Moreover,
there are some general limitations of transcranial sonography
that need to be taken into account. Owing to insufficient
transtemporal bone window, the midbrain structures in
5%–10% of white people can be only partially  as sessed.8 In ad-
dition, the area that can be evaluated son ographically is lim-
ited to deep grey matter structures, therefore other relevant
structures, such as cortical regions, are excluded from the
 examination. Furthermore, the reliability of the findings is
 dependent on the quality of the ultrasonog raphy system and
on the qualification of the investigator.

Conclusion

Our study reveals a particular pattern of hyperechogenicities in
patients with Huntington disease. We observed a correlation
between the sonographic evaluation of ventricular enlargement
and cognitive and functional features. Moreover, a relation be-
tween brain stem raphe echogenicity and depressive symptoms
could be identified. An alteration of the serotonergic brain stem
raphe might be involved in the patho genesis of depression in
patients with Huntington disease. Transcranial sonography is a
commonly available, noninvasive and inexpensive diagnostic
tool that provides reliable information about the morphology of
the brain in Huntington disease, even in agitated patients who
do not tolerate other imaging techniques.

Future research on this topic should focus on examinations
of presymptomatic patients with Huntington disease, so that
the value of TCS in detecting patients at risk for depressive syn-
dromes can be tested in a prospective and longitudinal design.

Competing interests: None declared for Drs. Krogias, Strassburger,
Norra and Ninphius. Dr Eyding declares having received speaker
fees from Bracco. Dr. Gold declares board membership with Elan,
Biogen Idec, TEVA, MerckSerono and Bayer; he has consulted for
them and has received grant funding and speaker fees from them; he
has a patent filed with Biogen. Dr. Juckel declares having received
grants and speaker fees from Janssen-Cilag, Lilly, AstraZeneca,
Pfizer, Lundbeck, BMS, Wyeth and Bayer Vital. Dr. Saft declares hav-
ing received grants from TEVA, speaker fees from Temmler Pharma,
travel assitance from the European Huntington’s Disease Network
and compensation from NeuroSearch for the ACR-16 study and from
Novartis for the AFQ-056 study.



Contributors: Drs. Krogias, Saft and Ninphius designed the study.
Drs. Krogias, Strassburger, Eyding, Saft and Ninphius acquired the
data, which all authors analyzed. Dr. Krogias wrote the article, and
the other authors critically reviewed it. All authors approved publi-
cation of the article.

References

1. The Huntington’s Disease Collaborative Research Group. A novel
gene containing a trinucleotide repeat that is expanded and unstable
on Huntington’s disease chromosomes. Cell 1993;72:971-83.

2. Aylward EH, Sparks BF, Field KM, et al. Onset and rate of striatal
atrophy in preclinical Huntington disease. Neurology 2004;63:66-72.

3. Nopoulos P, Magnotta VA, Mikos A, et al. Morphology of the
cerebral cortex in preclinical Huntington’s disease. Am J Psychiatry
2007;164:1428-34.

4. Sánchez-Pernaute R, Künig G, des Barrio Alba A, et al. Bradykinesia
in early Huntington’s disease. Neurology 2000;54:119-25.

5. Paulsen JS, Ready RE, Hamilton JM, et al. Neuropsychiatric aspects
of Huntington’s disease. J Neurol Neurosurg Psychiatry 2001;71:310-4.

6. Duff K, Paulsen JS, Beglinger LJ, et al.; Predict-HD Investigators of
the Huntington Study Group. Psychiatric symptoms in Huntington’s
disease before diagnosis: the predict-HD Study. Biol Psychiatry
2007;62:1341-6.

7. Becker G, Seufert J, Bogdahn U, et al. Degeneration of substantia
nigra in chronic Parkinson’s disease visualized by transcranial
color-coded real-time sonography. Neurology 1995;45:182-4.

8. Berg D, Godau J, Walter U. Transcranial sonography in movement
disorders. Lancet Neurol 2008;7:1044-55.

9. Walter U, Niehaus L, Probst T, et al. Brain parenchyma sonography
discriminates Parkinson’s disease and atypical parkinsonian syn-
dromes. Neurology 2003;60:74-7.

10. Walter U, Krolikowski K, Tarnacke B, et al. Sonographic detection
of basal ganglia lesions in asymptomatic and symptomatic Wilson
disease. Neurology 2005;64:1726-32.

11. Becker G, Becker T, Struck M, et al. Reduced echogenicity of brain-
stem raphe specific to unipolar depression: a transcranial color-
coded real-time sonography study. Biol Psychiatry 1995;38:180-4.

12. Becker G, Berg D, Lesch KP, et al. Basal limbic system alteration in
major depression: a hypothesis supported by transcranial sonog -
raphy and MRI findings. Int J Neuropsychopharmacol 2001;4:21-31.

13. Berg D, Supprian T, Hofmann E, et al. Depression in Parkinson’s
disease: brainstem midline alteration on transcranial sonography
and magnetic resonance imaging. J Neurol 1999;246:1186-93.

14. Walter U, Prudente-Morrisey L, Herpertz SC, et al. Relationship of
brainstem raphe echogenicity and clinical findings in depressive
states. Psychiatry Res 2007;155:67-73.

15. Walter U, Hoeppner J, Prudente-Morrisey L, et al. Parkinson’s 
disease-like midbrain sonography abnormalities are frequent in
depressive disorders. Brain 2007;130:1799-987.

16. Postert T, Lack B, Kuhn W, et al. Basal ganglia alterations and
brain atrophy in Huntington’s disease depicted by transcranial
real time sonography. J Neurol Neurosurg Psychiatry 1999;67:457-62.

17. Di Maio L, Squitieri F, Napolitano G, et al. Suicide risk in Huntington’s
disease. J Med Genet 1993;30:293-5.

18. Beck AT, Ward C, Mendelson M, et al. An inventory for measuring
depression. Arch Gen Psychiatry 1961;4:561-71.

19. Hamilton M. Development of a rating scale for primary depressive

illness. Br J Soc Clin Psychol 1967;6:278-96.

20. Huntington Study Group. Unified Huntington’s disease rating
scale: reliability and consistency. Mov Disord 1996;11:136-42.

21. Penney JB, Vonsattel JP, MacDonald ME, et al. CAG repeat num-
ber governs the development rate of pathology in Huntington’s
disease. Ann Neurol 1997;41:689-92.

22. American Psychiatric Association. Diagnostic and statistical manual
of mental disorders. 4th ed. Washington (DC): The Association; 1994. 

23. Walter U, Behnke S, Eyding J, et al. Transcranial brain parenchyma
sonography in movement disorders: state of the art. Ultrasound
Med Biol 2007;33:15-25.

24. Landis JR, Koch GG. The measurement of observer agreement for
categorial data. Biometrics 1977;33:159-74.

25. Paradiso S, Turner BM, Paulsen JS, et al. Neural bases of dysphoria
in early Huntington’s disease. Psychiatry Res 2008;162:73-87.

26. Zweig RM, Ross CA, Hedreen JC, et al. Locus coeruleus involve-
ment in Huntington’s disease. Arch Neurol 1992;49:152-6.

27. Licklederer C, Wolff G, Barth J. Mental health and quality of life
after genetic testing for Huntington disease: a long-term effect
study in Germany. Am J Med Genet 2008;146A:2078-85.

28. Julien CL, Thompson JC, Wild S, et al. Psychiatric disorders in preclin -
ical Huntington’s disease. J Neurol Neurosurg Psychiatry 2007;78:939-43.

29. Vlaar AM, Bouwmanns A, Mess WH, et al. Transcranial duplex in
the differential diagnosis of parkinsonian syndromes. A systematic
review. J Neurol 2009;256:530-8.

30. Berg D, Roggendorf W, Schroder U, et al. Echogenicity of the sub-
stantia nigra: association with increased iron content and marker for
susceptibility to nigrostriatal injury. Arch Neurol 2002;59:999-1005.

31. Postert T, Eyding J, Berg D, et al. Transcranial sonography in
spino cerebellar ataxia type 3. J Neural Transm Suppl 2004;68:123-33.

32. Grafton ST, Sumi SM, Stimac GK, et al. Comparison of post-
mortem magnetic resonance imaging and neuropathological find-
ings in the cerebral white matter. Arch Neurol 1991;48:293-8.

33. Hayflick SJ, Harman M, Coryell J, et al. Brain MRI in neurodegen-
eration with brain iron accumulation with and without PANK2
mutations. AJNR Am J Neuroradiol 2006;27:1230-3.

34. Bartzokis G, Tischler TA. MRI evaluation of basal ganglia ferritin
iron and neurotoxicity in Alzheimer’s and Huntington’s disease.
Cell Mol Biol 2000;46:821-33.

35. Hilditch-Maguire P, Trettel F, Passani LA, et al. Huntingtin: an
iron-regulated protein essential for normal nuclear and perinu-
clear organelles. Hum Mol Genet 2000;9:2789-97.

36. Naumann M, Becker G, Toyka KV, et al. Lenticular nucleus lesion
in idiopathic dystonia detected by transcranial sonography.
 Neurology 1996;47:1284-90.

37. Becker G, Berg D, Rausch WD, et al. Increased tissue copper and
manganese content in the lentiform nucleus in primary adult-onset
dystonia. Ann Neurol 1999;46:260-3.

38. Seidel G, Kaps M, Gerriets T, et al. Evaluation of the ventricular
system by transcranial duplex sonography in adults. J Neuroimaging
1995;5:105-8.

39. Walter U, Dressler D, Wolters A, et al. Sonographic discrimination
of corticobasal degeneration vs progressive supranuclear palsy.
Neurology 2004;63:504-9.

40. Peinemann A, Schuller S, Pohl C, et al. Executive dysfunction in
early stages of Huntington’s disease is associated with striatal and
insular atrophy: a neuropsychological and voxel-based morpho-
metric study. J Neurol Sci 2005;239:11-9.

Krogias et al.

8 J Psychiatry Neurosci



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


