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Abstract
Transcranial sonography (TCS) area of hyperechogenicity in the substantia nigra (aSN) is
increased in idiopathic and genetic Parkinson’s disease (PD). We performed TCS in 34 LRRK2
G2019S mutation carriers manifesting PD, 24 non-manifesting mutation carriers and 28 idiopathic
PD patients and compared them to 40 healthy controls (total n=126).

Compared to controls (mean 0.15 cm2), the aSN values in all other groups were increased. The
mean aSN was 0.23 cm2 in non-manifesting mutation carriers (p=0.015), 0.34 cm2 in idiopathic
PD patients (p<0.0001), 0.32 cm2 in LRRK2-associated PD patients (p<0.0001). and 0.33 cm2 in
the overall PD group (p<.0001). LRRK2-associated PD patients had higher aSN than non-
manifesting carriers (p=0.011), but there was no significant difference in aSN between patients
with idiopathic and LRRK2-associated PD (p=0.439).

Our results suggest that SN pathoanatomical alterations may not be substantially different between
idiopathic and LRRK2-associated PD. The findings in the non-manifesting mutation carriers
suggest the presence of intermediate nigrostriatal pathology consistent with the age-dependent
reduced penetrance of this mutation.

INTRODUCTION
Transcranial sonography (TCS) of the brainstem may be a helpful approach in assessing
movement disorders. Approximately 90% of all patients with idiopathic Parkinson’s disease
(PD) compared to only 10% of healthy control subjects show a characteristically increased
area of hyperechogenicity in the substantia nigra (SN).1 Autosomal recessive and dominant
genetic forms of PD are also associated with this increased echosignal. This was recently
demonstrated for the Parkin (PARK2), PINK1 (PARK6), as well as LRRK2 (PARK8) and
GBA (Glucocerebrosidase) genes.2–6 Single cases with similar TCS findings were reported
for the DJ-1 (PARK7) and alpha-synuclein gene (PARK1/4).4, 7 Further, the extent of the
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SN hyperechogenicity in recessively inherited PD was reported to be similar to that in
sporadic PD.2, 3 In addition to idiopathic and genetic PD, an increased area of
hyperechogenicity in the SN (aSN) was also shown in asymptomatic elderly subjects with a
higher degree of motor impairment and decline of the nigrostriatal function.8 Therefore, aSN
echogenicity is thought to be a non-invasive imaging marker for nigrostriatal integrity with a
good sensitivity but poor specificity.

As penetrance is reduced in dominantly inherited PD, not all mutation carriers develop
neurological signs. For example, a proportion of LRRK2 mutation carriers remain
motorically asymptomatic into late elderly life.9 This cohort of healthy subjects with a
genetically determined disease risk provides a unique opportunity to study potential
compensatory mechanisms that prevent or delay the onset of clinically overt PD.
Furthermore, since non-manifesting carriers (NMC) may develop disease signs later in life,
it is possible that markers such as hyperechogenicity on TCS may help identify those
individuals in the preclinical phase of PD who will later evolve frank PD.10

Our study had two main aims: i) to evaluate the aSN in a large group of PD patients with the
LRRK2 G2019S mutation in comparison with a group of idiopathic PD (IPD) patients and ii)
to evaluate the contribution of this mutation to this echosignal in (unaffected) NMC in
comparison with PD affected or manifesting carriers (MC) and healthy controls.

MATERIALS AND METHODS
After giving informed consent, all 126 subjects were evaluated and rated by a movement
disorder trained neurologist including Unified Parkinson’s Disease Rating Scale (UPDRS)
and Hoehn-Yahr stage at two study centers (New York (NY) and Lübeck, Germany (L). The
number of the subjects each center evaluated were as follows: control subjects NY n=25, L
n=15 (total n=40), LRRK2 NMC NY n=24 (total n=24), LRRK2 MC NY=34 (total n=34),
idiopathic PD NY n=14, L n=14 (total n=28).

The clinical diagnosis of PD was made according to the Queens Square Brain Bank Criteria,
with the exception that a family history of more than one affected relative was not
considered an exclusion criterion.11 All PD subjects of Ashkenazi descent had been
screened for LRRK2 G2019S mutations using previously described methods.12 The study
was approved by the local ethics committee of both study centers (Beth Israel, Lübeck).

Transcranial sonography
TCS was performed using the Sonos 5500 ultrasound system (Phillips) equipped with a 2.0–
2.5 MHz sector transducer (S3 probe). All individuals were examined by one of two
experienced sonographers (JH and KS), who were blinded to the results of the genetic status
of the subjects. The examination was performed from both sides through the temporal bone
window with a penetration depth of 14–16 cm. The images were adjusted for gain power,
compression and time-gain compensation depending on the quality of the individual bone
window. Images of the mesencephalic brainstem were digitally stored for later analysis. The
area of hyperechogenicity in the ipsilateral SN was manually encircled by an independent
investigator (NB) who had not been involved in the TCS examinations using a computer-
based analysis (Scion Image Beta 4.02 Win software package). For statistical analysis, the
larger aSN of each individual was selected or, in cases of an insufficient bone window on
one side, the ipsilateral aSN of the analyzable side (aSNmax). Due to the study design, we
could not assess the inter-rater reproducibility and reliability.
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Statistical analysis
Demographic characteristics, echogenicity and clinical scores among groups were
summarized with descriptive statistics. To account for the correlations among measurements
of subjects from the same family, linear mixed effects model (LMM) was applied to
compare aSN among groups of controls, NMC, MC and IPD patients, adjusting for age and
gender.13 The association between echogenicity and clinical scores in the genetic and non-
genetic PD patients was evaluated using LMM and a linear regression model, respectively,
adjusting for age and gender. Analyses were performed using SAS 9.1 (SAS Institute Inc.,
Cary, N.C).

RESULTS
Demographic data

Thirty-two LRRK2 MC harbored the common G2019S variant in the heterozygous state
whereas two carried a homozygous G2019S mutation. The LRRK2 MC were older than
controls (p=0.028), LRRK2 NMC (p=0.001) and IPD patients (p=0.004). There were no
significant age differences among controls, LRRK2 NMC and patients with IPD. Overall
55% of the participants were male, and the distribution of gender was not different among
groups of controls, NMC, MC and IPD. LRRK2 MC did not differ from IPD patients in age
at onset, disease duration, and UPDRS I, II and III (Table 1).

TCS data
233 of the 252 examined temporal bone windows were sufficient (92.5%; right side
118/126, left side 115/126). A bilaterally insufficient bone window was present in 2/126
subjects (1.6%). Mean aSNmax was significantly lower in controls than in the LRRK2 NMC
(p=0.037), LRRK2 MC (p<0.001), and IPD patients (p<0.001)(Figure 1). LRRK2 NMC had
a smaller mean aSNmax than LRRK2 MC (p=0.032) and IPD patients (p=0.003). No
differences in the values for mean aSNmax could be observed between LRRK2 MC and IPD
patients. There were no differences between the aSN of the right and left side in any of the
subgroups (Table 1). Considering all PD patients regardless of their genetic status, the
disease duration showed a weak correlation with the aSNmax (rho=0.263, p=0.043). There
was a trend towards higher UPDRSIII scores in patients with higher aSNmax values
(rho=0.236, p=0.068).

DISCUSSION
This is largest study to date assessing TCS in LRRK2-associated PD. Similar to other TCS
analyses of genetic and non-genetic forms of PD, we found an increased aSN in PD patients
with LRRK2 mutations and a comparable increase in those with IPD.2–5 Thus, an increased
aSN is a neuroimaging feature of levodopa-responsive neurodegenerative parkinsonism
irrespective of the etiology. In contrast, most forms of atypical parkinsonism without or only
a poor response to levodopa do not share this echofeature.14 This is also true for Kufor-
Rakeb syndrome (PARK9), a rare recessively inherited form of parkinsonism with atypical
features such as supranuclear palsy and dementia. PARK9-associated parkinsonism is
caused by mutations in the ATP13A2 gene; neither carriers of one or two mutated alleles
show an increased aSN.15

The extent of SN hyperechogenicity in asymptomatic carriers of mutations in PD-causing
genes was currently described in recessively inherited forms only.2, 3 We demonstrate an
increased aSN also in LRRK2 NMC comparable to asymptomatic carriers of single
mutations in the Parkin and PINK1 gene with values ranging between those of controls and
MC. In this context, SN hyperechogenicity may be an early manifestation of mutant LRRK2
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expression, which occurs independently of developing PD. Alternatively, the
hyperechogenicity may be a marker of increased susceptibility in a subset of mutation
carriers who are at higher risk to develop PD. This assumption is supported by PET studies,
one of them in a small cohort of heterozygous Parkin mutation carriers5, that revealed a
reduced striatal 18F-Dopa uptake in healthy subjects with an increased aSN pointing towards
subclinical nigrostriatal degeneration.16, 17 In LRRK2-associated PD, the penetrance of the
G2019S mutation is known to be age-dependent, increasing from about 20% at age 50 years
to 30–80% at age 70 years.18, 19 That is, a proportion of (younger) NMC will develop PD
later in life while others will not due to the overall reduced penetrance. One can speculate
that some of the yet asymptomatic subjects (that will develop the disease) already show this
echofeature as a sign of ongoing nigral damage. Alternatively, an increasing aSN may be an
imaging marker of adaptive and compensatory mechanisms in response to a latent
nigrostriatal dysfunction in asymptomatic subjects carrying showing this echofeature. In
contrast to others20, we found a slight correlation of the aSN with disease duration in PD
cases, which may suggest ongoing structural alterations over the disease course. Only
substantial longitudinal examinations (performed over decades) will demonstrate who
among the NMC will develop PD and who will not and whether these subgroups had
different values for the aSN, retrospectively. However, recent reports suggest increased aSN
values even in unaffected family members of sporadic PD patients.2, 21 This, in turn, argues
for the presence of intrafamilial factors other than monogenic variants and raises the
question whether the higher aSN values in the NMC can be solely ascribed to the LRRK2
G2019S mutation.

There are potential limitations to our study. First, the subgroup of manifesting LRRK2
mutation carriers were older than individuals of the other subgroups, although we do not
assume that this had a relevant influence on the TCS data in patients once affected with PD.
Second, we did not assess interrater reproducibility. However, we had a limited number of
raters, and raters were not differentially examining certain groups.

In conclusion, our results suggest that the TCS findings of patients with the common
G2019S mutation in the LRRK2 gene are not substantially different from idiopathic PD. The
increased SN hyperechogenicity in both PD groups may be caused by similar alterations in
the midbrain iron metabolism regardless of the genetic state. However, it remains elusive
whether an increased aSN is also related to a distinct histopathological pattern. All LRRK2
mutation subjects have demonstrated neuronal loss and gliosis in the substantia nigra, and
similar to idiopathic PD, 80% of brains of LRRK2 G2019S mutation carriers demonstrate
Lewy bodies (LB), either in the brain or the olfactory bulb.22 While the minority of PD
patients with LRRK2 mutations other than G2019S show LB pathology22, the significance of
this finding is uncertain as there are few cases overall, and most are ascertained from a very
small number of families. Post mortem investigations in atypical parkinsonian syndromes
such as progressive supranuclear palsy and multiple system atrophy also reveal a lack of LB
pathology. These syndromes typically present a normal echogenic substantia nigra.
Therefore, future studies should address the aSN in carriers of LRRK2 mutations other than
the common G2019S variant. Moreover, combined assessment of the aSN upon TCS during
lifetime and post mortem histopathological examinations in typical and atypical, genetic and
non-genetic forms of parkinsonism are urgently needed to determine the underlying
morphological changes that are responsible for this midbrain echofeature.

The findings in the NMC point towards nigrostriatal pathology in at least a subset and may
reflect the age-dependent reduced penetrance of LRRK2-associated PD.
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Figure 1.
MRI (A.) and sonographic images (B.) of an axial section at the midbrain level upon TCS.
The rectangle in (B.) denotes the area to be zoomed in for evaluation of the midbrain
structures as is shown in the lower row. The butterfly-shaped midbrain and the SN
echogenicity have been encircled in representative TCS images of each subgroup (C.). The
diagram in (D.) shows the mean values for the aSNmax according to the clinical and
mutational status. Age did not influence the aSN differences between the subgroups.
NMC – non-manifesting mutation carrier, MC – manifesting mutation carrier
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Table 1

Demographic and TCS data in all subgroups

Control LRRK2 NMC LRRK2 MC IPD

Number (n) 40 24 34 28

Age (years) 57.7±8.8 53.3±20.6 66.0±11.9 54.9±10.3

Gender (%male) 52.5 54.2 52.9 60.7

Age at PD onset - - 57.2±11.9* 52.5±14.7*

Disease duration - - 9.2±7.0* 10.3±6.5*

UPDRSIII - - 14.3±10.6* 18.7±11.5*

aSN right (cm2) 0.12±0.08 0.20±0.12 0.26±0.13 0.28±0.11

aSN left (cm2) 0.10±0.08 0.22±0.11 0.28±0.09 0.29±0.16

aSNmax (cm2) 0.15±0.07 0.23±0.12 0.32±0.10 0.34±0.15

*
not significant (LRRK2 MC vs. IPD)
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