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ABSTRACT: BackgroundBackground: Parkinson’s disease (PD) is a common neurodegenerative disorder with both
sporadic occurrence and Mendelian heredity, as it is true for autosomal recessive parkin-related PD (PARK-
parkin). Parkin-related PD is characterized by early onset, slow progression, frequent lower limb dystonia, and a
robust response to levodopa. Clinicians are increasingly confronted with heterozygous PD patients mimicking
dominant inheritance. Nevertheless, the exact clinical implications of heterozygosity are not fully understood.
CasesCases: We present an illustrative PARK-parkin family with 2 affected sisters (compound heterozygous) and their
father (heterozygous). One sister expresses the classical phenotype, whereas the other has isolated jerky
tremor. The father has left-sided action tremor of the hand with some dystonic posturing without clear
bradykinesia and normal DaTSCAN.
ConclusionConclusion: This case series illustrates the phenotypic variability in parkin-related PD with 1 classical phenotype
and 1 patient with isolated jerky tremor. Unilateral hand tremor of the heterozygous father could mislead
genetic testing by mimicking dominant inheritance.
View Supplementary Video

Parkinson’s disease (PD) is the second-most common neurode-
generative disorder with an estimated worldwide prevalence of
50 to 200 cases per 100,000 inhabitants and increasing incidence
at higher ages. The vast majority of cases belongs to the sporadic
form without evident cause, yet partly driven by genetic risk fac-
tors. Only about 5% to 10% of PD patients have a monogenic
cause. Parkin-related PD (PARK-parkin) is the most frequent,
accounting for 50% of all autosomal recessive and for 15% of
sporadic PD cases with early onset (<40 years).1 Initially, a dis-
tinctive phenotype for parkin-related PD has been proposed with
slow disease progression, leg tremor, foot dystonia, brisk reflexes,
normosmia, behavioral disturbances, and a robust response to
levodopa and deep brain stimulation.1,2 However, it has been
shown that many of these features depend more on age of onset
(early onset) than on the underlying genetic cause.3 Because of
the vast phenotypic variability of early-onset PD, accurate diag-
nosis and appropriate treatment are often grossly delayed.4 An

intriguing aspect, which can be observed in some families with
PARK-parkin, is a “pseudodominant” inheritance. The role of
heterozygosity in a putative recessive gene such as parkin is still a
matter of ongoing discussion.5

With the aim to show and expand the spectrum of PARK-
parkin, we report a family with 3 daughters, 2 of them carrying
compound-heterozygous parkin mutations yet with very different
clinical presentations, and their father who is the carrier of a het-
erozygous exon deletion in the same gene (Fig. 1).

Case Series
Case 1
This 32-year-old woman with a 3-year history of tremor affecting
both hands was referred to our center for evaluation of deep brain
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stimulation. The referring neurologist had made the diagnosis of
essential tremor. On clinical examination, there was symmetrical
jerky action tremor of both hands in the absence of bradykinesia or
rigidity. Further detailed neurological examination was unremarkable.
Medication included propranolol 120 mg three times a day as pre-
scribed by the referring physician and oral contraception. Because of
the jerkiness of the tremor, further investigations were performed. A
diagnostic work-up including brain magnetic resonance imaging and
metabolic testing for Wilson’s disease and Manganese storage disor-
ders was unremarkable. Because jerky tremor can often be observed
in dystonic syndromes, genetic testing for the most frequent dystonia
genes (TOR1A, THAP1, CIZ1, GNAL, and ANO3) was per-
formed, yet without pathological result. After having seen her youn-
ger sister (case 2) with subtle parkinsonism and paroxysmal exercise-
induced dystonia (PED), a single-dose levodopa challenge test was
performed with 200-mg levodopa but without any improvement in
symptoms (Unified Parkinson’s Disease Rating Scale part III
remained 6). By then the patient was pregnant and further testing,
including single-photon emission computed tomography imaging,
had to be restricted to case 2. Following the respective results of case
2, further specific genetic testing for parkin gene mutations showed
compound heterozygosity identical to case 2. Despite the initial nega-
tive results of the levodopa challenge test, a treatment trial with
pramipexole 1.5 mg once a day (qd) was initiated and supplemented
with levodopa 50 mg 4 times a day, which led to a complete reversal
of her tremor. She gave birth to 2 healthy children. During the preg-
nancies, a monotherapy with levodopa 50 mg 4 times a day was
maintained. Following 4 years of stable disease without remarkable
side effects, levodopa had to be increased to 100 mg 4 times a day,
and pramipexole was substituted for rasagiline 1mg qd.

Case 2
At initial presentation, the 23-year-old sister of case 1 reported a
4-year history of progressive gait difficulties. The referring neu-
rologist had already performed brain magnetic resonance imag-
ing, which was normal. On clinical examination, subtle left-sided

tremor with bradykinesia and left-sided PED with foot dystonia
while walking were evident. The diagnostic work-up included
metabolic testing for Wilson’s disease with 24-hour urine sam-
pling and blood tests for free copper and ceruloplasmin and man-
ganese storage disease, which were unremarkable. A single-dose
levodopa challenge test with 200 mg levodopa left the Unified
Parkinson’s Disease Rating Scale part III unchanged (raise from
5 to 6 points). Following the proposed diagnostic algorithm for
PED by Erro and colleagues,6 DaTSCAN® revealed a severe bilat-
eral presynaptic dopaminergic deficit, which triggered genetic panel
diagnostic testing for autosomal-recessive PD (ATP13A2,DNAJC6,
FBXO7, PARK2, PARK7, PINK1, PLA2G6, SYN1). A patho-
genic compound-heterozygous mutation in the parkin gene (point
mutation c.714C>G; p.C238W, deletion in exon 3) was detected.

Treatment with levodopa (50 mg three times a day) was initi-
ated and supplemented with pramiprexole (1.5 mg qd). As a result
of an insufficient treatment response of PED, levodopa had to be
increased up to levodopa 600 mg/d (200 mg three times a day)
and pramipexole 3 mg qd. With this regime, symptom control was
satisfying only for a short period of time and soon was complicated
by wearing-off phenomena with inner restlessness and impulse-
control disorder with nocturnal binge eating. Pramipexole was
tapered down and switched to rasagiline 1 mg per day. Following
botulinum neurotoxin type A injections into her left lower leg and
foot muscles (Table 1), levodopa could be tapered down to 50 mg
to 100 mg/d on demand while maintaining satisfying control of
the PED. During the course of 3 years, dystonia spread to the
other foot and changed from exercise induced to permanent.

Case 3
The 62-year-old father of the aforementioned sisters reported a
slowly progressive tremor of the left arm without restrictions in daily
activities, apart from occasional spilling since the age of 45. On clini-
cal examination, there was action tremor of his left hand with some
dystonic posturing but without clear-cut evidence of parkinsonism
and an otherwise normal neurologic examination. Focused diagnos-
tic work-up showed a carrier status of the known heterozygous
deletion within exon 3 of the parkin gene. The DaTSCAN was
semiquantitatively (putamen/occipital cortex ratio: left 2.73, right
2.78) and visually normal. No treatment was initiated.

The mother and her third daughter were found to be healthy
and without clinical signs of tremor or parkinsonism. Genetic

Case 3
*1956

Age 62
Heterozygous with

Exon 3 deletion

Case 1
*1982

Age 36
Age at onset 29

Compound-heterozygous

*1958
Age 60
Healthy

*1986
Age 32
Healthy

Case 2
*1991

Age 27
Age at onset 19

Compound-heterozygous

FIG. 1. Family pedigree showing the siblings of the index
patient and their parents with relevant biographical
information.

TABLE 1 Current botulinum neurotoxin treatment regime

Location Dose

M. tibialis posterior sinister 75 IU
M. tibialis posterior dexter 75 IU
M. flexor digitorum longus sinister 30 IU
M. flexor digitorum longus dexter 20 IU
M. flexor hallucis longus sinister 40 IU
M. flexor hallucis longus dexter 20 IU
M. flexor hallucis brevis sinister 30 IU
M. flexor hallucis brevis dexter 20 IU
M. flexor digitorum brevis sinister 40 IU
M. flexor digitorum brevis dexter 20 IU

IU, international unit; M., Musculus.

MOVEMENT DISORDERS CLINICAL PRACTICE 2019; 6(8): 700–703. doi: 10.1002/mdc3.12826 701

R.S. STARK ET AL. CASE SERIES



testing was not performed because testing was declined. Never-
theless, the mother must be a carrier of the aforementioned com-
plementary point mutation because the same mutation was
found in both daughters and not in the father.

Discussion
The accurate diagnosis of PARK-parkin is often delayed because
of the young age of onset and the variable phenotypic presenta-
tion.4 Therefore, we describe an illustrative family to show the
broad phenotypic spectrum and diagnostic obstacles and clues of
PARK-parkin. The spectrum in this family ranges from isolated
jerky action tremor of the hands described in case 1 to paroxys-
mal exercise-induced foot dystonia in case 2 and mild action
tremor of 1 hand in the heterozygous father.

Case 1 was referred with the diagnosis of essential tremor.
Although this diagnosis is consistent with the diagnostic criteria for
essential tremor, the jerkiness of her tremor gave rise to doubts
about the diagnosis. The diagnostic spectrum of a jerky tremor can
be summarized as follows: dystonic tremor often appears jerky or
even with superimposed subcortical myoclonus as, for example,
described for DYT-ANO3 (anoctamin-3).7 Myoclonus-dystonia,
because of mutations in the ε-sarcoglycan gene, can also cause
jerky tremor as a result of superimposed subcortical myoclonus,
but in contrast to our case, it typically affects the cranio-cervical
region presenting with dystonia and lightening jerks. Another
entity causing jerky (myoclonic) tremor is “familial cortical myo-
clonic tremor with epilepsy.” Tremor of this entity usually comes
along with epilepsy and cortical myoclonus. Finally, but important,
jerky tremor can be observed in atypical parkinsonian syndromes
such as multiple system atrophy or cortico-basal syndrome. A jerky
tremor of the hand as the sole initial presentation of PARK-parkin
is important to recognize to prevent inappropriate or delayed ther-
apy. In case 1, the clue to the accurate diagnosis was the pheno-
type of her sister (case 2) presenting with parkinsonism and PED
of 1 foot.

Case 2, with a rather classical phenotype of PARK-parkin,
greatly fostered the diagnostic work-up of case 1 and thus empha-
sizes the importance of a thorough family history and detailed clini-
cal examination of the relatives. A peculiarity shared by both cases
is their unresponsiveness to the single-shot levodopa (200 mg) chal-
lenge test. In idiopathic PD, false-negative results of the single-shot
levodopa challenge test are seen in up to 40%, whereas no data on
the levodopa challenge test is available for PARK-parkin.8

The clinical and single-photon emission computed tomography
findings of case 3 fuel the discussion on the significance of parkin
heterozygosity. One hypothesis suggests that heterozygous carriers
are at a higher risk of developing subtle parkinsonism, also show-
ing nigrostriatal dysfunction on positron emission tomography
studies.9 This could be explained by haplo-insufficiency resulting
in loss of function of the E3 ubiquitin-protein ligase coded by the
parkin gene.9 Data show that dosage mutations as present in case
3 might have a greater impact than point mutations.10 Clinically,
case 3 does not fulfill the diagnostic criteria for parkinsonism

because there is no clear-cut decrement of frequency or amplitude
on repetitive movements. There are subtle signs of dystonia, and
the unilateral action tremor shown on the video best matches a
dystonic tremor. Whether his dystonic tremor is caused by the
parkin mutation or just coincidence has yet to be determined. Cur-
rently, the normal and symmetrical DaTSCAN does not answer
this question. As a subset of patients with this type of tremor and
initially normal DaTSCAN show an abnormal DaTSCAN on
follow-up, clinical and single-photon emission computed tomog-
raphy imaging follow-up might answer this question in the future.
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Video S1. This video shows the pathological findings of (1) case
1 with symmetrical jerky action (postural) tremor of both hands in
the absence of both resting tremor and bradykinesia on finger tap-
ping. Normal gait with preserved arm swing on both sides. (2) Case
2 with abnormal dystonic posturing of the left hand while holding
outstretched. There is mild postural tremor of the left hand. Normal
gait with mildly reduced arm swing on the right side. After walking
about 100 m, the left foot shows marked dystonia during walking,
improved on walking backward (not shown).
Video S2. This video shows case 3 with left-sided action

tremor (task, posture) and dystonic posturing of the hand. There
is no rest tremor. Repetitive movements of the left hand are
slightly irregular and less fluent when compared with the right
side but without clear cut signs of bradykinesia. Gait is normal
with normal arm swing. Postural reflexes are preserved.
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