
A hallmark of Parkinson’s disease (PD) is rest tremor,1 yet a
variety of action tremors also occur in these patients.1-3 These
action tremors are important because they are common and
because motor disability in parkinsonism seems to correlate
more with action than with rest tremor,1 making such tremors an
under-appreciated target for treatment. Furthermore, PD patients
with action tremor are commonly misdiagnosed as having
essential tremor (ET),4,5 further adding to the importance of
recognizing the variety of tremor phenomenologies seen in PD.

Re-emergent tremor is a postural tremor that emerges after a
variable latency of several (1 – 47, mean = 9.4) seconds and has
a frequency typical of Parkinsonian resting tremor (4 – 6 Hz).1 It
is thought to represent a re-emergence of Parkinsonian rest
tremor. We report a patient with PD who had no tremor at rest yet
whose main complaint was a disabling re-emergent tremor. To
our knowledge, this has not been reported previously and it
therefore further expands the spectrum of motor phenomenology
that clinicians can encounter in their patients with PD.

CASE REPORT
At age 57 years, the patient first experienced clinical

depression, although he had had a prior history of episodic mood
disturbance. The initial treatment, lithium, was discontinued
after one year. At age 58, he also developed features of
parkinsonism, for which he was placed on levodopa-carbidopa
(25/100 1 tab bid).

He was initially seen at our center at age 61 years; his chief
complaint was “severe shaking” of his right arm. There were no
other complaints (e.g., no postural hypotension or impotence).
There were no prior neurological problems and family history
was unremarkable for neurological problems. His son has bipolar
disorder and an aunt, depression (type unknown). His psychiatric
medications were bupropion XL 300 mg/day(d), lamotrigine 200
mg/d, valproate 1 000 mg/d, and gabapentin 1,800 mg/d. Other
medications included diltiazem LA 120 mg/d. He had not taken
any carbidopa-levodopa for two months. On examination, there
were no orthostatic changes in blood pressure or heart rate. He
was alert and fully oriented. Cranial nerves, strength and
sensation were normal. Deep tendon reflexes were
symmetrically diminished in all limbs with flexor plantar
responses. No hypomimia was appreciated. There was no tremor
at rest while lying down, seated, standing or walking during the
1.5 hour assessment. During sustained arm extension, a right arm
tremor emerged after a latency of 1-7 seconds (mean = 2.2
seconds). After emerging, the tremor worsened over the ensuing
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several seconds before reaching a plateau. Suggestibility,
distraction, and tremor entrainment were all absent. The tremor
primarily produced wrist flexion-extension movement but there
was also an occasional rotatory component (with wrist
pronation-supination) and occasional rhythmic thumb flexion.
The right arm tremor emerged during several activities as well
(finger-to-nose maneuver, writing). There was no tremor on the
left during sustained arm extension and minimal tremor with
movement (e.g., writing, finger-to-nose maneuver). Rapid
alternating movements of both arms were notable for moderate
bradykinesia with occasional pauses, and this was slightly worse
on the right. Foot taps were mildly to moderately slow
symmetrically bilaterally. His posture was slightly flexed and
arm swing was bilaterally mildly-to-moderately decreased. With
a moderate pull, he maintained balance. Rigidity, while absent
on this initial examination, was present in both arms without
reinforcement on all subsequent follow-up examinations (right
greater than left), thereby demonstrating the presence of three
hallmark features of PD (bradykinesia, rigidity, and tremor).
Work up for hyperthyroidism and Wilson’s disease was
unremarkable. Brain MRI with and without contrast
demonstrated mild age-related atrophy and minimal
periventricular white matter changes. He was diagnosed with
PD. (18)F-fluorodeoxyglucose positron emission tomography
(FDG PET) revealed bilaterally increased uptake in the lentiform
nucleus and thalamus, marginally more pronounced on the left,
consistent with idiopathic PD.6,7

The patient has received follow-up care for five years (30-
minute visits every three months). Rest tremor has not been
observed, yet the re-emergent tremor has remained a source of
disability; as a result, the patient performs many of his daily
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activities (writing, drinking, holding utensils, brushing his teeth)
with his left hand. Low dose levodopa in combination with
carbidopa noticeably improved his bradykinesia, but even at
doses of 1 750 mg/d, did not provide any therapeutic benefit for
his re-emergent tremor and resulted in cognitive side effects.
Amantadine (200 mg/d) provided no tremor benefit and the
tremor is not lessened with ethanol. The patient has also taken
pramipexole (3 mg/day), which resulted in mild improvement in
rapid alternating movements and rigidity, but no improvement in
tremor. He has also taken propranolol (20 mg/day), but there was
no improvement in tremor.

His most recent neurological examination at age 66 years was
similar to previous examinations, with the exception of moderate
hypomimia and more (i.e., moderate) rigidity, which was present
in all limbs. The re-emergent tremor was more severe than it was
on his initial evaluation. His valproate and diltiazem had been
discontinued for 1.5 years.

The patient underwent computerized tremor analysis and
computerized spiral analysis in the Motor Physiology Laboratory
(Columbia University). Experimental conditions have been
described.8 Clinical conditions included: arms at rest, arms
extended, finger-to-nose movements, writing and transferring
water. Rest measurements were performed with the subject’s
arms flexed at 90 degrees, fully supported against gravity, and
kept stationary at the elbow to prevent transmitted upper arm
movements to the forearm and hand. Electromyelogram (EMG)
confirmed that the tested limb was fully at rest. Spiral data were
used to calculate several indices that quantified upper limb
kinematics of spiral drawing in detail: (1) anisotropy (the relative
dominance of tremor in a specific direction, e.g. if a tremor’s
direction was distributed over many angles, anisotropy is low,
which is characteristic of parkinsonism), and (2) spiral speed
(cm/second[s]) (slow speed, which may be evident in patients
with PD, is a kinematic equivalent of parkinsonian
bradykinesia).8

Tremor analysis did not reveal any tremors at rest. There were
5.6 - 6.5 Hz postural and kinetic tremors (severe on right and
minimal on left) with alternating antagonist contractions and
entrainment in the recorded EMG muscles at the same frequency
on the right only. The postural tremor on the right emerged after
several seconds (Figure). Inertial loading had minimal effect on
tremor frequencies or amplitudes. Spiral analysis revealed severe
right (average ± standard deviation (SD) power = 69.949 ±
46.712 mm2) and minimal left (power = 0.112 ± 0.039 mm2) 4.8
- 6.0 Hz kinetic tremors. There was also a severely decreased
spiral speed on the left (1.169 ± 0.436 cm/s vs. laboratory normal
= 8.821 ± 2.831 cm/s) and decreased anisotropy (0.864 ± 0.144
on the left and 0.916 ± 0.052 on the right). These findings are all
characteristic of action parkinsonism.

DISCUSSION
Our patient’s tremor had characteristics of re-emergent

tremor, including its latency (2 - 4 seconds in our patient and 1 –
47 seconds in previous reports)1 and relatively slow frequency.
The tremor continued during movement, which is a feature that
has been described in patients with re-emergent tremor. One
issue is whether the tremor should be referred to as a “re-
emergent” tremor, as there is no accompanying tremor at rest. In

the absence of a tremor at rest, it might be appropriate to refer to
the tremor we observed as an “emergent” tremor.

The patient was evaluated in detail at age 61 years and then
on a regular basis (four times per year over a five year period).
Rest tremor has never been observed while seated, standing,
lying, or walking. Similarly, subtle rest tremor was not observed
during tremor analysis.

It is unlikely that our patient’s postural tremor was merely the
result of ET on top of parkinsonism (two diagnoses). The tremor
emerged after a latency of several (2 – 4) seconds; by contrast, in
ET, the tremor usually occurs as soon as the limb assumes a
horizontal posture (i.e., latency = 0 seconds).1 The frequency
(4.8 - 6.8 Hz) was typical of parkinsonian resting tremor
(approximately 4 - 6 Hz) and similar to that reported by Jankovic
et al1 for re-emergent tremor (5.5 Hz). The tremor was
characterized by occasional wrist pronation-supination and
occasional rhythmic thumb flexion, which is more typical of the
tremor of parkinsonism than of ET.9 Furthermore, the re-
emergent tremor in our patient was unilateral. Unilateral tremor
is a typical feature of Parkinsonian tremor and rarely of ET.4 The
lack of responsiveness to ethanol, absence of a family history
of tremor and absence of head or voice tremor also argue
against ET.

Our patient had underlying PD as evidenced by bradykinesia,
rigidity (not present in initial examination but present in all
examinations since then), clear response of bradykinesia to low
dose levodopa therapy, and supporting quantitative physiologic
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Figure: Tracing from the patient with his arms extended at the shoulders
over a 10 second epoch. The bottom two channels are accelerometric
(light lines) and displacement (dark lines) recordings from the right and
left hands. Channels 3 - 6 are right (R) and (L) surface EMG recordings
from the flexor carpi radialis (FCR) and extensor carpi radialis (ECR).
These data illustrate the onset of re-emergent tremor, evident in the right
hand, beginning approximately 3 seconds into the tracings at the arrow.
Note onset from virtually no tremor to a crescendo-ing, then stabilizing,
tremor in the right hand with associated increasing EMG activity. On the
left, there is a minimal, tonic increase in EMG activity; on the right,
alternating antagonist bursts of EMG discharges drive the re-emergent
tremor.
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findings and FDG PET imaging results.6,7 The FDG-PET was
used instead of FDOPA in order to not only confirm PD but also
to rule out the presence of an atypical parkinsonian variant.10

Although bradykinesia and rigidity were more marked on the
right, they were present bilaterally. By contrast, re-emergent
tremor was present only on the right. Why was this one feature
unilateral while the other features were not? We have previously
noted in a clinical sample of 179 PD cases, that there was no
association between the rest tremor score and bradykinesia and
rigidity scores.11 There is also additional evidence that the tremor
in PD may represent a different underlying pathophysiological
process than the rigidity and bradykinesia. First, factor analysis
of signs in PD showed that rest tremor was relatively
independent of the other cardinal signs of PD.12 Second, we
previously reported that while bradykinesia and rigidity
worsened at similar annual rates in PD, rest tremor did not
clearly worsen with time.13 Finally, there was no correlation
between rest tremor and striatal 18F-dopa uptake in PD
patients.14

One issue is that during several of his examinations, he had
been taking either valproate or diltiazem, and each of these
medications rarely can result in drug-induced parkinsonism.15,16

We do not think that this tremor was drug-induced for the
following reasons: First, the PET scan results indicated
unequivocal bilateral lentiform glucose hypermetabolism, a
finding that is consistent with idiopathic PD.6,7 Second, aside
from tremor, the patient has other hallmark features of PD,
including bradykinesia and rigidity, and these have persisted
despite being off of these drugs for 1.5 years. Third, we are
unaware of a report in the literature of a drug producing this
clinical picture (i.e., a unilateral re-emergent tremor without rest
tremor). Finally, the re-emergent tremor has worsened over the
past five years, which is consistent with an underlying
progressive degenerative condition like PD.

The tremor was unusual and the patient had a psychiatric
history; hence, a functional movement disorder was also
considered. However, the consistency of findings (including the
consistent tremor frequency), and the absence of suggestibility,
distraction, and tremor entrainment on examination argued
against this possibility, as did the PET imaging results.

Patients with PD can exhibit a variety of types of tremor other
than the classic rest tremor. The presence of other tremor types,
particularly when they occur in the absence of rest tremor, can
result in diagnostic confusion and diagnostic errors. The
presence of a severe action tremor, in particular, is a common
reason for mis-assigning a diagnosis of ET to patients who
actually have PD, with as many as 15% of such “ET” patients
actually having mis-diagnosed PD.3 Such diagnostic errors can
result in the institution of the wrong set of pharmacotherapeutic
interventions and delays in the institution of neuroprotective
therapies.

CONCLUSIONS
In summary, we clinically and electrophysiologically

characterized a patient with PD who had severe re-emergent
tremor yet no rest tremor. These observations serve to further
expand the spectrum of the tremor phenomenology that
confronts physicians who encounter patients with PD.
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