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The pattern of reoccurrence of symptoms after discontinuation
of deep brain stimulation (DBS) has not been systematically
studied in dystonia. Eight patients (mean age (SD) 53.8
(14.4) years) with segmental dystonia at a mean follow-up of
11.3 (4.2) months were studied after implantation of bilateral
DBS electrodes in the internal globus pallidus using a standard
video protocol and clinical rating scales, immediately and at 2
and 4 h after switching off DBS. Dystonic signs returned
sequentially, with a rapid worsening of phasic and a slower
worsening of tonic dystonic components. In all patients, phasic
dystonic features appeared within a few minutes, whereas the
tonic elements of dystonia reoccurred with a more variable
delay. Differential clinical effects when withdrawing DBS might
reflect its influence on different pathophysiological mechanisms
in dystonia.

C
hronic high-frequency deep brain stimulation (DBS) has
replaced radiofrequency lesioning in functional stereo-
tactic surgery for treatment of dystonia within the past

few years.1–5 Despite the unsolved debate about its primary
mechanisms of action–that is, synaptic depression, synaptic
inhibition, depolarisation blockade, changes in local blood flow
and stimulation-induced modulation of pathological network
activity6 7–the option of postsurgical modification and optimi-
sation of stimulation settings widens the indications for DBS.
Pallidal DBS has been used for different manifestations of
dystonia.1–5 8 Consistent improvement of the movement dis-
order and of associated disability has been shown, but little is
known about the manifestation of dystonia without stimula-
tion in patients with long-term DBS. In contrast with
Parkinson’s disease, ‘‘On’’ and ‘‘Off’’ stimulation studies are
uncommon in patients with dystonia.9 Although several genetic
forms of dystonia could be linked to specific clinical patterns,
the exact pathophysiological mechanisms in dystonia are poorly
understood.

Improvement of dystonia with DBS occurs in a delayed and
progressive manner.10 Recently, a study on the reappearance of
clinical signs after discontinuation of DBS in Parkinson’s
disease has shown differential effects on the cardinal signs.11

To further elucidate the mechanisms of reoccurrence of
different components of dystonia–that is, phasic dystonia
(spasms and abnormal movements including dystonic tremor)
and tonic dystonia (sustained muscle contractions with fixed
abnormal postures)–we studied motor patterns after disconti-
nuation of DBS.

PATIENTS AND METHODS
Eight consecutive adult patients (four men, four women) with
severe segmental dystonia, who did not sufficiently benefit
from prior medical treatment or local botulinum toxin
treatment, were selected for chronic DBS and were included
in this study (table 1).

Exclusion criteria were psychiatric disorders, such as
dementia (defined as Mini Mental State Examination score
,25), major depression, psychosis or substance misuse, and
pathological findings in cerebral magnetic resonance imaging,
including cerebral atrophy or focal lesions. All patients had
regular follow-up visits in our movement disorders clinic.
Informed consent was obtained for the surgery and the
scheduled follow-up examinations. Switching off neurostimu-
lation was part of the routine periprocedural protocol. The
procedures used in this study were approved by the local ethics
committee in the frame of other studies of our group, and in
agreement with the ethics committee no formal approval was
obtained for this study. The patients’ mean (standard deviation
(SD)) age at surgery was 53.8 (14.4) years (range 35–68 years).
Symptoms of dystonia had been present for 8.8 (6.2) years
(range 1–20 years). The mean (SD) follow-up interval for this
study was 11.3 (4.2) months.

Concepts and techniques of the surgical procedure for DBS
have been described in detail previously.8 12 All patients under-
went simultaneous bilateral DBS of the globus pallidus internus
(GPi). Quadripolar electrodes (3387 Medtronic, Minnesota,
USA) were implanted in the posteroventral lateral GPi, guided
by computed tomography-stereotactic surgery and microelec-
trode recording, and connected to bilateral implantable pulse
generators (Soletra 7426). Stimulation settings were stable for
2.8 (3.4) months. Usually, a bipolar configuration was chosen.
On the right side, mean stimulation settings were voltage 3.8
(0.7) V, pulse width 210 ms and frequency 130 Hz. For the left
side, voltage was 3.9 (0.6) V, pulse width 210 ms and frequency
130 Hz. Three patients received anticholinergic treatment at the
time of surgery, and they discontinued treatment within
6 months after surgery.

Preoperative scores were used as baseline evaluation for each
patient. For this study, clinical scores were assessed in the
following conditions: with the stimulation on (S-On), within
the first 5 min after switching off DBS (S-Off/0h), and at 2 and
4 h after switching off DBS (S-Off/2h and S-Off/4h). The
standard protocol included the Unified Dystonia Rating Scale
(UDRS), the Burke–Fahn–Marsden Dystonia Movement Scale
(BFM), the Global Dystonia Rating Scale (GDS)13 and a
standard video protocol. All examinations were performed by
EG and CB, and videos were reassessed by the whole group
until agreement on the scoring was achieved. We defined a
tonic pattern of dystonia in the presence of more or less stable
dystonic postures that might be exacerbated by activity but
with only rare twitching movements and without tremulous or
irregular jerking elements; by contrast, a phasic pattern
displayed more or less continuous dystonic movements with
intermittent sustained dystonic postures and also with tremu-
lous or irregular jerking elements for more than half of the time
during the standard video documentation.

Abbreviations: BFM, Burke–Fahn–Marsden Dystonia Movement Scale;
DBS, deep brain stimulation; GDS, Global Dystonia Rating Scale; GPi,
globus pallidus internus; UDRS, Unified Dystonia Rating Scale
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Statistical analysis used non-parametric tests for indepen-
dent samples (Mann–Whitney U test) or multiple paired
variables (Friedman test) as applicable. The statistical software
system SPSS V.13 was used for all analyses.

RESULTS
DBS showed a beneficial effect in all patients; there were no
surgery-related complications. The preoperative mean (SD)
UDRS score was 36.9 (18.3), the mean (SD) BFM score was
35.6 (22.3) and the mean (SD) GDS score was 29.3 (25.7). The
postoperative UDRS score at the time of the study decreased by
a mean (SD) of 55.7% (15.3%; UDRS score 16.1 (9.9)), the BFM
score by a mean (SD) of 60.6% (25%; BFM score 13.1 (13.6))
and the GDS score by a mean (SD) of 66.5% (10.3%; GDS score
10.1 (6.9)). Details of clinical outcome and long-term follow-up
will be published elsewhere. Switching off DBS was associated
with a reoccurrence of presurgical dystonic movement patterns
in all patients (UDRS, BFM and GDS changed significantly over
time; Friedman test, p,0.001). Clinically and as reflected by
the changes of the three dystonia rating scales between S-On
and S-Off/0h, discontinuation of DBS led to an early effect in
the group of patients with predominantly phasic dystonia as
compared with the group of patients with predominantly tonic
dystonia (p,0.05 in UDRS and BFM scores, not significant
p = 0.081 in GDS). Subsequently, both groups progressed
towards the preoperative state at S-Off/2h and S-Off/4h (fig 1).

Two videos of exemplary patients, one with predominantly
tonic and the other with predominantly phasic dystonia are
provided as supplemental material (http://jnnp.bmjjournals.
com/supplemental).

DISCUSSION
The occurrence of phasic and tonic components in dystonia is
well known. Thus far, their differentiation has barely been
considered relevant for diagnosis or treatment. Increasing
experience with DBS in dystonia gave us the impression of
differential effects on the different components of dystonia. To
our knowledge, this is the first study that systematically
investigates the effects of withdrawal of chronic DBS in
patients with dystonia. Although it has been speculated that
pallidal DBS might induce prolonged effects owing to neuro-
plastic changes, others have thought that discontinuation of
DBS could result in an immediate medical emergency.5 10

After a stable period of stimulation, at approximately 1 year
after surgery, all patients in our study had benefited from
chronic DBS. After switching off DBS, the mean scores of BFM,
UDRS and GDS asymptotically returned to the preoperative
levels within 4 h. A clear difference in the reappearance
of phasic and tonic dystonic movements became obvious:
abnormal phasic movements recurred immediately, whereas

abnormal tonic postures recurred more gradually. This pattern
was independent of the sites of dystonia–that is, axial versus
appendicular. Owing to the need to limit discomfort from
switching off DBS, we restricted the time window to 4 h,
despite which a stable state of dystonia might not have been
reached in every patient.

Table 1 Patient characteristics

Patient number
Age
(years) Sex

Duration of
dystonia (years)

Clinical characteristics and
sites of dystonia Preoperative treatment Postoperative treatment

1 39 M 10 T.P neck, arms None None
2 35 F 1 T neck, arms None None
3 62 M 5 T.P face, neck, larynx, arms None None
4 67 F 8 P.T face, neck, larynx, arms,

upper trunk
Metixene 15 mg/day,
clonazepam 1.5 mg/day

Clonazepam 1.5 mg/day

5 66 F 11 P.T face, neck, larynx, arms,
upper trunk

Trihexyphenidyl 6 mg/day,
zolpidem 5 mg/day

Zolpidem 17.5 mg/day

6 68 M 13 P.T neck, arms None None
7 56 F 2 P.T face, neck, arms Trihexyphenidyl 10 mg/day,

doxepin 50 mg/day,
tolperisone 150 mg/day

Tolperisone 100 mg/day

8 37 M 20 T.P face, neck, larynx, arms None None

Face, oromandibular dystonia or blepharospasm; F, female; M, male; P, phasic dystonia; T, tonic dystonia

Figure 1 Top: Unified Dystonia Rating Scale (UDRS) score (mean (SEM))
preoperatively, and postoperatively at S-On, S-Off/0h, S-Off/2h and S-
Off/4h. Black filled circles, means of patients with predominantly tonic (T)
dystonia (T.P; n = 4); open circles, means of patients with predominantly
phasic (P) dystonia (P.T; n = 4). Bottom: Stepwise increments of UDRS in
percentage of preoperative baseline score for patients with predominantly
tonic (T) dystonia (T.P; n = 4; filled bars) and with predominantly phasic
dystonia (P.T; n = 4; open bars). *Significance at p = 0.05; NS, not
significant.
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The differential pattern of reoccurrence of dystonia reminds
us of the withdrawal of chronic DBS in patients with
Parkinson’s disease. Recently, a sequential pattern of return
of parkinsonian signs was found, with a rapid worsening of
tremor and a delayed worsening of bradykinesia and rigidity.11

Obviously, the phasic and tonic components of dystonia are
not independent of each other. With regard to the effects of
chronic DBS, however, it seems that they are modulated by
different mechanisms. The rapid effect on phasic movements is
presumably associated with a direct change in electrical
neurotransmission within basal ganglia loops involving the
GPi. The more sustained effect on tonic abnormal postures after
switching off DBS could account for slower pathophysiological
processes, such as altered long-term potentiation and cellular
signalling via second messenger systems–not only locally but
also in distant network relays.5 6 14 Improvement of dystonia
with chronic DBS is probably due to disruption of altered
pallidal activity, resulting in restoration of cortical and brain
stem function.14 15

Similarly, the different patterns of reoccurrence of dystonia
might be related to distinct anatomical networks.

Although the exact mechanisms of action of pallidal DBS in
dystonia remain unknown, the results of our study indicate
that there are different pathomechanisms subserving the
phenomenology of dystonic movements or postures. From a
clinical point of view, it seems that unexpectedly switching off
chronic stimulation is more likely to result in a medical
emergency in those patients in whom phasic dystonic move-
ments prevail.

ACKNOWLEDGEMENTS
We thank Joe Jankovic, MD, Houston, Texas, and Cynthia Comella,
MD, Chicago, Illinois, for providing us with the Unified Dystonia Rating
Scale. We are grateful to Jose Rodrigues, Mannheim, Germany, for
excellent videographic support.

To view supplementary videos, see http://
jnnp.bmj.com/supplemental

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .
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