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Background. Patients with Parkinson’s disease (PD) have a high risk of cognitive problems. Objective. This study assesses whether
abnormal echogenicity of the substantia nigra (SN) and raphe nuclei (RN) and the diameter of third ventricle are markers
of cognitive impairment in patients with PD and other forms of parkinsonism. Methods. 126 outpatients with early signs of
parkinsonism underwent transcranial sonography (TCS). The scales for the outcome of Parkinson’s disease cognition (SCOPA-
COG) were used as cognitive measure. Definite neurological diagnosis was established after two-year follow-up. Results. One-third
of the patients with PD and half of those with APS had signs of cognitive impairment. The echogenicity of the SN was not related
to cognitive impairment. The diameter of the third ventricle was significantly larger in PD patients with cognitive impairment
compared to those without. In patients with APS we found a significantly higher frequency of hypoechogenic RN in patients with
cognitive problems. Conclusions. Cognitive impairment is already present in a substantial proportion of patients with PD and APS
at first referral. In patients with APS the frequency of hypoechogenic RN points to the direction of other pathophysiology with
more emphasis on deficits in the serotonergic neurotransmitter system. The larger diameter of the third ventricle in PD patients

with cognitive impairment may reflect Alzheimer like brain atrophy, as has been reported in earlier studies.

1. Introduction

Although motor symptoms are the characteristic symptoms
of Parkinson’s disease (PD) and required for the diagnosis,
cognitive impairment, especially in executive function [1],
also frequently occurs in the early stage of the disease or
even as the first symptom [2]. Several studies report that the
relative risk of developing dementia in PD is two to six times
higher than that of the general population [3, 4]. About half of
the patients with PD have mild cognitive impairment (MCI)
[5] and are prone to develop dementia [6, 7]. The cumulative
incidence of dementia in PD is 66% after 12 years [8] and up
to 87% after 20 years [9]. Despite these substantial figures,
cognitive dysfunction in PD patients is often not recognized
and leads to considerable disease burden [10-14].

Transcranial sonography (TCS) of the mesencephalon
has emerged as a possible diagnostic tool for PD, because of
its ability to delineate hyperechogenic zones in the substantia
nigra (SN) [15, 16]. The echogenicity of the SN has also
been mentioned as a marker for the presence of cognitive
impairment [17]. Another structure which is normally vis-
ible by TCS is the raphe nuclei (RN). If the RN cannot
be delineated this has been associated with the presence
of depression. It is known that there may be a possible
pathologic link between mood and cognition [18-20]. Third-
ventricle width can also be estimated and may serve as an
indicator of surrounding brain atrophy [21]. This has been
thoroughly studied by magnetic resonance scans (MRIs)
in patients with neurodegenerative disorders, in particular
Alzheimer’s disease (AD) [22-24] and also PD [25-27]. In
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the few studies in which PD patients underwent TCS, the
third-ventricle width was significantly larger in patients with
cognitive impairment compared to those without cognitive
impairment and control subjects [28, 29]. However, in these
studies group sizes were small and the disease duration was
often very long, so the results may not be representative for
patients in an early stage of PD.

The aim of this analysis was to explore the association
between cognitive impairment in patients with parkinsonism
and echogenic features shown by TCS. We used the dataset of
a large prospective cohort study on the diagnostic accuracy
of TCS in early parkinsonian patients [30-32]. We hypoth-
esized that hyperechogenic SN, hypoechogenic RN, and a
wider diameter of the third ventricle are associated with the
presence of cognitive deficits, both in patients with PD as well
as in patients with atypical parkinsonian syndromes (APS).

2. Methods

2.1. Design. This study was a cross-sectional study, nested
within a prospective cohort study that aimed to test the
diagnostic accuracy of TCS of the SN in patients who were
referred to a neurologist by their general practitioner because
of recent-onset parkinsonism of unclear origin [30, 32].
The study protocol was published before patient inclusion
started [30]. The main finding of the cohort study was that
the diagnostic accuracy of the echogenicity of the SN as a
diagnostic test for early PD is not sufficient for routine clinical
use [32]. The Institutional Review Board (IRB) of Maastricht
University Medical Centre approved the study (MEC 05-228,
4 April 2006), which was registered in the ClinicalTrials.gov
database as (ITRSCC) NCT00368199.

2.2. Patients. We considered 283 consecutive patients with
parkinsonism of unknown origin, who were referred to the
neurology outpatient clinic of Maastricht University Medical
Centre, Maastricht, and the Orbis Medical Centre, Sittard,
Netherlands, for diagnostic work-up. Patients who did not
consent or those in whom a definite diagnosis could already
be made at the first visit (n = 42) were excluded from the
study. Hence, 241 patients with parkinsonism of unknown
etiology were included. Of these, another 69 were excluded:
24 patients without clear parkinsonian symptoms or with
drug-induced parkinsonism, as well as 45 patients without
a sufficient bone window necessary to perform an adequate
TCS examination (see Figure 1).

Eventually, we were able to obtain interpretable TCS
images of the SN in 126 patients. Interpretable images of
the RN and third ventricle were available for 81 and 59,
respectively, of the 126 since these structures were visualized
only in one center or later on in the study.

2.3. Measures. After signing informed consent, all subjects
underwent a structured interview [30] and a neurological
examination [30, 32]. For further information about the
interview, we would like to refer to our protocol [30]. These
tests were performed by a physician not treating the patient
and blinded for information in clinical records. Cognitive
function was measured with the scales for the outcome of
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Parkinson’s disease cognition (SCOPA-COQG). This scale has
a good reliability and validity, both in PD patients and in
the general population [33]. The score range is 0 to 43, with
scores lower than 22 suggesting clinically relevant cognitive
impairment. Depressive symptoms were measured with the
observer-rated 17-item Hamilton Depression Rating Scale
(HAMD) [34, 35]. Motor symptoms were measured with the
Unified Parkinson’s Disease Rating Scale (UPDRS) [36].

Within two weeks of inclusion all patients underwent
a TCS, at the Department of Clinical Neurophysiology of
one of the two hospitals. In the hospital in Sittard only the
SN was visualized. In Maastricht University Medical Center,
visualization of the RN was included in the TCS protocol
from the start of the study. One year later, measurement of
the third ventricle was included as well.

TCS was performed using a SONOS 5500 system (Philips,
Eindhoven, Netherlands). The examination took place in
a darkened room with the patient already lying on the
examination table before the investigator entered the room, in
order to minimize possible identification of a patient’s clinical
signs. Patient and investigator were instructed not to discuss
symptoms or diagnoses.

TCS was performed bilaterally through the preauricular
bone window with a 2-4 MHz phased array transducer. The
quality of the bone window was scored as good, moderate, or
inferior.

Two different methods were applied for the evaluation
of the SN. First, the presence or absence of a clearly vis-
ible SN was scored (qualitative method). Second, the SN
area was encircled manually and calculated automatically
(quantitative method). This was only performed when the
hyperechogenicity was located within the anatomical distri-
bution of the SN, meaning that it showed a typical oblique
stripe-shaped configuration. Both the right and left SN were
measured from both sides.

The RN were identified if they met the criteria of an
anatomic structure equally echo-intense to the red nucleus
and localized in the transverse plane of the midbrain
extending uninterrupted from anterior to posterior direction.
Echogenicity of the RN was rated using a visual scoring
system resulting in a semiquantitative assessment. Hence, if
the RN appeared as an uninterrupted relatively echo-intense
structure on TCS, it was scored as hyperechogenic. We scored
the RN as hypoechogenic if it was not detectable at all or if
it was interrupted. The patient was scanned from both sides
because of the fact that the bone window can vary in quality
of visualization of the RN from right to left. We used the
best possible result, meaning when the RN was absent from
one side but visible from the other side, it was scored as
hyperechogenic.

The transverse diameter of the third ventricle was mea-
sured from both sides on a standardized diencephalic exam-
ination plane.

Two years after inclusion, patients were reexamined by
two movement disorder neurologist specialists to obtain a
definite clinical diagnosis, using the official diagnostic criteria
for Parkinson’s disease [35] as well as for several atypi-
cal parkinsonian disorders, including multisystem atrophy
(MSA), progressive supranuclear palsy (PSP), Lewy Body
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FIGURE 1

Disease (LBD), corticobasal degeneration (CBD) [37-41],
essential tremor (ET) [42, 43], and vascular parkinsonism
(VP) [44] which served as gold standard for our study [30].

2.4. Statistics. SPSS 21.0 for Windows was used for the statis-
tical analysis. Comparing categorical variables was done by
chi-square test. The two-sample ¢-test was used for comparing
continuous variables.

For further analyses regarding the means between groups
with different diagnoses, we performed an analysis of vari-
ance (ANOVA). To analyse the influence of other variables,
partial correlation analysis was used. p values of <0.05 were
considered significant.

3. Results

3.1. Patient Characteristics. At follow-up, seventy-two (57%)
patients were diagnosed with PD. Patients with APS included
7 patients with MSA, 4 with PSP, 4 having LBD, and 3 patients

with CBD. Eighteen (14%) patients had VP and 18 (14%) were
diagnosed with ET.

At inclusion, 81% of the patients did not use any med-
ication which could have an influence on both the motor
as the cognitive performance such as an antidepressant or
antiepileptic medication.

The subgroups differed significantly on the total UPDRS
score with patients with APS having higher UPDRS scores
compared to those with PD (Table1). PD patients tended
to be younger and having higher scores on the SCOPA-
COG (p = 0.05). However no significant correlation was
found between the SCOPA-COG score and UPDRS total
score (Pearson correlation coefficient —0.204, p = 0.127),
nor between the SCOPA-COG score and age of the patient
(Pearson correlation coefficient —0.145, p = 0.277), in the
total study group, as well as in the two subsamples separately.

Fifty-five (44%) subjects of the total group had a SCOPA-
COG < 22, indicating the presence of cognitive impairment.
Of the 72 PD patients, 27 (37.5%) had a SCOPA-COG < 22
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TABLE 1: Patient characteristics, divided into group of diagnosis.
Parkinson’s disease (1 = 72) Atypical parkinsonism (n = 54) p value
Age years (SD) 68.54 (9.27) 71.85 (9.31) 0.05
Men (%) 50 (70) 43 (80) 0.20
Disease duration months mean (SD) 29.08 (46.78) 40.39 (41.69) 0.16
UPDRS total score mean (SD) 24.03 (10.98) 30.26 (17.24) 0.02
UPDRS motor score mean (SD) 13.10 (6.00) 15.63 (8.52) 0.07
SCOPA-COG mean (SD) 23.83 (5.93) 21.41(7.85) 0.05
Presence of cognitive impairment % 37.50 51.85 0.11
Hyperechogenic substantia nigra % 41.28 46.30 0.50
Hypoechogenic raphe nuclei % 21.74 20.00 0.85
Third-ventricle width mm (SD) 5.78 (2.28) 5.31(2.38) 0.45
SCOPA-COG = scales for the outcome of Parkinson’s disease cognition, UPDRS = Unified Parkinson’s Disease Rating Scale.
TABLE 2: Patient characteristics, divided into presence or absence of cognitive impairment.
PD absence of PD presence of APS absence of APS presence of
' cogpitive . cogl.litive pvalue . cogl.litive . coggitive p value
impairment impairment impairment impairment
(n = 45) (n=27) (n=126) (n=28)
Mean age years (SD) 6727 (10.10) 70.67 (7.36) 0.13 68.15 (10.53) 75.29 (6.49) 0.05
Disease duration months mean (SD) 2729 (53.75) 32.07 (32.87) 0.68 51.92 (50.28) 29.68 (28.78) 0.05
UPDRS total score mean (SD) 22.31 (10.14) 27.00 (11.90) 0.83 25.27 (13.77) 35.07 (19.05) 0.04
UPDRS motor score mean (SD) 12.56 (5.55) 14.04 (6.73) 0.32 13.31 (6.75) 17.79 (9.50) 0.05
SCOPA-COG mean (SD) 27.40 (3.70) 17.89 (3.79) 0.00 2754 (4.26) 15.71 (5.87) 0.00
Hyperechogenic substantia nigra % 35.56 48.15 0.29 46.15 46.43 0.98
Hypoechogenic raphe nuclei % 20.69 23.53 0.82 5.56 35.29 0.03
Third-ventricle width mm (SD) 5.05 (1.84) 6.92 (2.49) 0.02 5.27 (3.02) 5.38 (1.44) 0.91

PD = Parkinson’s disease, APS = atypical parkinsonism.

compared to 28 (52%) of the APS patients. The mean score
on the HAMD was 5.05 (SD = 5.40) with a range of 0 up to
28.

3.2. Echogenicity. The percentage of abnormal SN or RN
echogenicity, as well as third-ventricle width, did not differ
between the PD patients and the patients with APS (see
Table 1). The echogenicity of the SN was not related to the
presence or absence of cognitive impairment, neither in PD
nor in APS (Figure 2). However, in patients with APS, but
not in PD patients, we found a significantly higher frequency
of hypoechogenicity of the RN in patients with cognitive
impairment compared to those without (Table 2, Figure 3).
No significant differences between the mean of Hamilton
scores had been seen between those with a hyperechogenic
RN and those with a hypoechogenic RN: 5.30 (SD = 6.39)
and 4.93 (SD = 5.24), respectively; t = 0.203, p = 0.840. The
diameter of the third ventricle was significantly larger in PD
patients with cognitive impairment compared to those PD
patients without. There was no difference in third-ventricle
width in APS patients with and without cognitive impairment
(Table 2, Figure 4).

4. Discussion

4.1. Statement of Principal Findings. About one-third of the
patients with PD and about half of the patients with APS
had cognitive impairment. The echogenicity of the SN did
not indicate the presence or absence of cognitive impairment,
neither in PD nor in APS. In patients with APS we found
a significantly higher frequency of hypoechogenic RN in
patients with cognitive impairment compared to the patients
without cognitive impairment. Furthermore, we found a
larger diameter of the third ventricle in PD patients with
cognitive impairment compared to the PD patients without
cognitive impairment.

4.2. Strengths and Weaknesses of the Study. The major limita-
tion of our study is that it is a secondary analysis of a study
that was not powered on the presence of cognitive impair-
ment. Because of that, our results must be seen as exploratory
and interpreted with caution. However, the prevalence of
cognitive impairment in our study is comparable to that
in other studies [7, 45]. Because of new developments in
TCS after start inclusion, we decided at a later point to also
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FIGURE 2: Boxplot of the range of scores on the SCOPA-COG scores
compared to the echogenicity of the substantia nigra.

investigate the RN and the third ventricle resulting in a lower
number of these echo features.

The important strengths of our study are that, compared
to other studies, sample size is fairly large regarding the
amount of visualized SN and the fact that we included newly
referred patients with early signs of parkinsonism that are
not yet (extensively) treated pharmacologically. This patient
group is clinically the most relevant, because in daily practice
you want to know the right diagnosis in the earliest stage of
the disease.

4.3. Interpretation of Results. A study performed in PD
patients with and without cognitive impairment and in
patients with LBD reported a hyperechogenic SN in almost all
patients [46]. This does not seem to reflect Lewy body patho-
logy, however, since in other forms of parkinsonism, where
Lewy bodies usually are not found such as in CBD and
patients with parkin-related parkinsonism, hyperechogenic
SN has also been reported [47, 48]. The hyperechogenicity
may reflect early alteration of dopaminergic cells resulting
from neurodegeneration [48] caused by increased abnormal-
bound iron [49]. However, a hyperechogenic SN can also be
detected in some other nonneurodegenerative diseases [50]
and even in normal aging [51, 52]. Hence, there is uncer-
tainty about the pathophysiological substrate of an increased
echogenicity of the SN as well as the impact on a given
patient. In our study we did not find any difference in hypere-
chogenicity of the SN in PD or APS patients with and without
cognitive impairment. This may be an indication that the
SN plays a less pivotal role in cognitive functioning than
previously thought. Moreover, morphological changes in a
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FIGURE 3: Boxplot of the range of scores on the SCOPA-COG scores
compared to the echogenicity of the raphe nuclei.

structure do not necessarily result in functional changes
because compensation mechanisms of other neuronal net-
works may come into action.

Hypoechogenicity of the RN has been described as a
indicator for the presence of depression in various diseases
[53-55]. It has been suggested that depression and cognitive
impairment share at least in part the same underlying pathol-
ogy [18-20]. In our study we found a higher prevalence of a
hypoechogenicity of the RN in APS patients with cognitive
impairment compared to those without cognitive impair-
ment. Hypoechogenicity of the RN may indicate reduction of
serotonin receptors [56] which may affect cognitive function
[57, 58].

The finding of an association between cognitive impair-
ment and a larger diameter of the third ventricle in our studies
confirms earlier studies in PD, LBD, and AD [29, 46, 59].
Increased size of the ventricles is a marker for cognitive
dysfunction in PD [29]. Increased ventricular size could be
a nonspecific sign of atrophy in the surrounding structures
such as the brainstem nuclei, due to progressive neurodegen-
eration in AD [21]. The rate of change of ventricular size
seems to correlate with an increase in senile plaques and neu-
rofibrillary tangles [59].

How can we explain that in two different diagnostic
groups (PD and APS) different echo features were related
to the presence of cognitive impairment? This is likely due
to the different underlying pathophysiology. Earlier studies
have described a pattern of brain atrophy which is similar in
AD and in PD [60-62]. The characteristic cognitive dysfunc-
tion in AD (affecting memory) and PD (affecting executive
function) is different. It may be that cognitive impairment in
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PD may be segregated into two different types [63]: one due
to dysfunction of the dopaminergic frontostriatal networks
leading to executive problems and one primarily due to pos-
terior cortically deficits resulting from AD-pathology [64-
66]. This latter type may be related to abnormal dilatation of
the third ventricle. Indeed amyloid pathology, which is the
principal pathology in AD, has also been reported to play a
role in cognitive dysfunction in PD and LBD [67, 68].

With regard to hypoechogenicity of the RN in APS,
because these patients have a worse prognosis and faster
disease progression than PD, the emphasis of the pathophysi-
ology may lay more on neurotransmitter level than on decline
through atrophy. There also seems to be a correlation between
the SCOPA-COG score and the score on the UPDRS which
may explain the higher frequency of cognitive problems in
APS compared to PD.

4.4. Unanswered Questions and Future Research. The exact
pathogenesis of cognitive impairment in PD is still unknown.
Studies have indicated that Lewy-type pathology [69, 70] and
associated Alzheimer type histological changes [2], together
with neurotransmitter deficits [71-73], especially the reduced
cholinergic activity, are involved. However, to which extent
and in which stage of the disease each factor has its contribu-
tion remains unclear.

5. Conclusion

The echogenicity of the SN was not related to cognitive
impairment, neither in PD nor in APS. In patients with APS
the frequency of hypoechogenic RN points to the direction of
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other pathophysiology with more emphasis on deficits in the
serotonergic neurotransmitter system. The larger diameter
of the third ventricle in PD patients with cognitive impair-
ment compared to the PD patients without supports earlier
findings that the width of the third ventricle may reflect
Alzheimer like brain atrophy. Differences shown by TCS indi-
cate that various mechanisms and pathways are involved in
the pathophysiology of cognitive impairment in PD and APS.
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