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ABSTRACT

Introduction. Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder. Substantial for a diagnosis
of the disease are motor disorders, with chorea as a hallmark symptom. Other disease manifestations include cognitive dys-
function and psychiatric disorders. Currently, pharmacological treatment plays the most important role in the therapy of HD
patients. However, deep brain stimulation (DBS) is considered a potential therapeutic option.

Aim of the study. Systematic review of current literature on DBS efficacy and safety in the management of motor, behavioural
and cognitive functions in patients with HD.

Material and methods. A systematic review was conducted with the use of the Scopus database and the following search
criteria: TITLE (huntington®) AND TITLE-ABS-KEY (‘deep brain stimulation’ OR ‘neuromodulation’). Our search criteria included
original studies with at least five patients, reporting any motor, cognitive and/or behavioural, and functional assessment data
with at least a 6-month follow-up. Finally, four selected publications were analysed.

Results. In all analysed publications, we found a statistically significant improvement of Unified Huntington’s disease Rating
Scale (UHDRS) chorea subscore by an average of 40, to over 60% after DBS implantation. Heterogeneous results were obtained
for UHDRS total motor score. DBS did not improve functional capacity of HD patients in the analysed studies. We found no
systematic assessment concerning the effect of DBS in HD on behaviour, cognition or speech.

Conclusions. DBS implantation could be considered as a therapeutic option for patients with severe, drug-resistant chorea.
However, the evidence for this is limited. To date, no high-quality data based on randomised controlled trials supports the
long-term safety and efficacy of DBS in HD. This treatment option should therefore currently be considered as investigational.
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Introduction

Huntington’s disease (HD) is an autosomal dominant
neurodegenerative disorder. It is caused by CAG trinucleotide
repeat expansion in the gene HT'T, which results in encoding
an expanded polyglutamine stretch in the huntingtin protein.
Substantial for the diagnosis are motor symptoms, namely
chorea, dystonia, tics and parkinsonism in young-onset dis-
ease. In the natural course of the disease, chorea progresses
from sporadic, low-amplitude facial and extremity twitches to
regular, large-amplitude motions of the entire body. Although
chorea is a hallmark HD symptom, it becomes less significant
in the late stages of the disease [1]. Initially mild cognitive
dysfunction gradually progresses to full-blown dementia [2, 3].
Depression with an increased risk of suicide attempts and
apathy are common in HD patients.

Pharmacological treatment with neuroleptic medications
and tetrabenazine plays the most important role in the therapy
of chorea in HD patients [4]. However, their use is limited due
to side effects and incomplete effectiveness.

Deep brain stimulation (DBS) has been used in evidence-
based indications for the therapy of Parkinson’s disease (PD),
tremor and dystonia, using established protocols for qualifica-
tion and treatment. There are also reports of potential DBS
effectiveness in other indications, for example Gilles de la
Tourette syndrome (GTS) [5] and treatment-resistant addic-
tions to alcohol and psychoactive substances, although clinical
data on this topic is limited [6]. The mechanism of action of
DBS is still not fully understood. In HD patients, DBS of the
globus pallidus internus (GPi) has been of growing interest
as an alternative to the pallidotomy method of treatment,
potentially alleviating major symptoms [7].

The aim of this study was a systematic review of the current
literature on DBS efficacy and safety in the management of mo-
tor, behavioural and cognitive functions in patients with HD.

Paper selection

The method of systematic review was based on PRISMA
guidelines [8]. An initial search was conducted with the use of
the Scopus database and the following search criteria: TITLE
(huntington*) AND TITLE-ABS-KEY (‘deep brain stimula-
tion’ OR ‘neuromodulation’) in June 2021. The identification
of relevant studies including 103 papers was performed using
the following steps. Firstly, on the basis of the initial search,
we aimed to identify randomised controlled trials (RCTs)
reporting data on motor symptoms, functional status, speech,
comprehensive behavioural and cognitive functioning pre-
surgery and at least 12 months post-surgery. Unfortunately,
we found no such study. Secondly, we broadened our search
criteria to capture not only RCTs, but all original studies with at
least five patients, while keeping the other criteria unchanged.
Of four original studies with > 5 cases, only one fulfilled all
those pre-established inclusion criteria [9], see Suppl. Fig. 1. In
one of the studies [10], only a 6-month follow-up was available,

and in two others no standardised behavioural assessment was
reported [11, 12]. Finally, we decided to include and analyse
one RCT and three open trials reporting any motor, functional,
cognitive and behavioural data with at least a 6-month follow-
up [9-12] (Fig. 1), even if this data was limited in terms of
follow-up length, and not as extensive as expected.

Results

Patient qualification

Patients undergoing DBS implantation in the analysed
studies were in different disease stages, and disease stage was
assessed differently in the reviewed studies. Sanrey et al. [12]
included in their study patients with early-to-moderate HD
according to the disease stages defined by Shoulson and Fahn,
which corresponds to grades I-IIT in this classification. In the
study by Gonzalez et al. [11], one inclusion criterion was a To-
tal Functional Capacity (TFC) score < 8, which corresponds
to stage II or higher according to Shoulson and Fahn. One
study [10] enrolled patients with at least moderate-stage motor
symptoms as measured by > 30 Unified Huntington’s disease
Rating Scale total motor score (UHDRS TMS), but there was
no information on the disease stage. Zittel et al. [9] reported
that patients were in the advanced stage of the disease, but the
authors did not define their specific criteria.

There were no cut-offs in terms of patient age, which dif-
fers from the usual standards used in the qualification of PD
patients to DBS. One study only [10] reported the number of
pre-surgery pharmacotherapy trials and reported severe brain
atrophy as one of the exclusion criteria to DBS.

In only two studies was the presence of a reliable caregiver
among the inclusion criteria [11, 12]. Only one study reported
the use of psychometric scales assessing some of the psychiatric
symptoms [10], and no cut-offs were provided. In only one
study was a history of suicidal ideation explicitly addressed [11],
and in none of them was a history of substance abuse discussed.
Patient qualification criteria are set out in Table 1.

DBS target and stimulation settings

In three studies, patients underwent bilateral GPi im-
plantation. In one study [10], electrodes were implanted in
such a way that the lowermost contact was located in the up-
per part of the GPi, and the higher contacts were located in
the globus pallidus externus (GPe). In the first phase of this
study, controlled and double-blind, patients were randomly
assigned to either GPi stimulation for six weeks followed by
GPe stimulation for six weeks, or vice versa. Then, in the
uncontrolled follow-up phase, chronic pallidal stimulation at
the target with the best effect and least side effects was used to
assess chronic treatment effects. This study showed that GPi
and GPe stimulation are equally effective. We did not analyse
the stimulation settings in the discussed publications, as they
were adjusted individually depending on clinical response
and adverse effects.
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Figure 1. Identification of studies via databases and registers

Long-term motor and functional outcomes
of DBS

Motor function and functional status after DBS in HD
patients are set out in Table 2, which contains results obtained
after six months follow-up, because this was the common
evaluation time point in 3/4 studies. Table 2 also shows the
results obtained at the final follow-up visit. In the four dis-
cussed publications, motor outcome of all patients was assessed
using UHDRS, where both TMS and chorea subscores were
analysed. Functional outcome was assessed using UHDRS
TEC in all four studies, UHDRS Functional Assessment was
used in three, and UHDRS Independence Scale in one. We did
not include the motor and functional outcomes measured in
other scales in our table, because they were assessed in single
studies only. If obtained results were important for drawing
conclusions, we discuss them in the core text.

Heterogeneous results were obtained for UHDRS TMS: in
one study, a statistically significant deterioration of UHDRS
TMS was shown six months after DBS, but not at the final
follow-up (median 3 years after DBS) [11]. In another study,
statistically significant deterioration of UHDRS TMS was
shown at the final follow-up (median 4 years after DBS) [12].

One study [9] showed a statistically significant improvement
of UHDRS TMS six months after DBS implantation, which was
no longer present at the final follow-up (12 months after DBS).
In the fourth study [10], UHDRS TMS did not significantly
change after DBS compared to pre-DBS. Nevertheless, in all
analysed publications, a statistically significant improvement
of UHDRS chorea subscore was found, both at six months
follow-up and at the final follow-up visit (six months, one
year, median 3 years and median 4 years after DBS, depend-
ing on publication). In the discussed studies, UHDRS chorea
subscore at the final follow-up visit improved by an average
of 40, to over 60% compared to baseline.

Two studies [9, 11] assessed the effect of DBS during
off-stimulation, on-medication tests. In the study by Gonzalez
etal. [11], regular off-stimulation tests showed that there was
a persistent improvement of chorea after DBS implantation.
The authors proved that there was a statistically significant
difference, ranging from 30-77.3%, in UHDRS chorea sub-
score during off- and on-stimulation conditions at the final
follow-up visit (median 3 years after DBS), with no significant
difference in dystonia scores. The duration of the off-stimula-
tion period was not reported, although the authors noted that
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some patients presented with clinical worsening immediately
after turning the stimulation off, while in others deterioration
occurred as much as 24 hours later.

Zittel et al. [9] also showed a statistically significant differ-
ence in chorea comparing off- and on-stimulation conditions
at both follow-up time points (by 39% and by 37% six months
and one year after DBS, respectively). Patients were assessed
six hours after stimulation had been turned off. However, the
accuracy of these results may be limited because the clinical
assessment was not blinded.

The study reports on the effects of DBS on dystonia and brady-
kinesia are heterogenous. In the study by Gonzalez et al. [11], brad-
ykinesia and dystonia insignificantly gradually worsened after DBS
implantation, partly due to disease progression and partly to
DBS. In the study by Wojtecki et al. [10], the effects on dystonia were
heterogenous and statistically non-significant. Although half of the
patients showed a marked improvement of dystonia of more than
50% as assessed using the Burke-Fahn-Marsden Dystonia Rating
Scale, hypokinetic-rigid symptoms did not improve. Zittel et al. [9]
also obtained non-conclusive results in terms of dystonia and brad-
ykinesia: improvement of dystonia in three patients, worsening in
two, and no change in one; improvement of bradykinesia in three
patients, worsening in two, and no change in one.

The four studies under discussion did not precisely analyse
the influence of DBS implantation on gait and postural stability
in HD patients. Only one study [11] assessed UHDRS gait/
steadiness subscore, and no statistically significant difference
was observed either at six months or at the final follow-up visit
(median 3 years after DBS implantation) compared to baseline.
The influence of DBS implantation on gait is discussed in the
analysed publications mainly in the context of adverse events.
Gonzalez et al. [11] found that two patients experienced freez-
ing of gait in the first weeks after DBS implantation, which was
partially controlled by modification of the stimulation parame-
ters and levodopa treatment. In the study by Wojtecki et al. [10],
among the adverse events of DBS, gait impairment after repro-
gramming was reported in one patient, and gait impairment
and fall in one patient. Three patients in the study by Zittel et
al. [9] experienced gait impairment after DBS implantation.
Two of them presented with stimulation-dependent spasticity.

Patient functional status was analysed in the discussed
publications with the use of three scales. UHDRS Functional
Capacity deteriorated significantly at the final follow-up in the
study by Sanrey etal. [12], and did not change significantly in the
other analysed studies. UHDRS Functional Assessment did not
significantly change after DBS in three studies [9-11]. UHDRS
Independence Scale assessed by Gonzalez et al. [11] had in-
significantly changed at six months and at the final follow-up.

Long-term behavioural outcomes of DBS

None of the four selected studies used the clinician-rated
psychiatric assessment based on both patient and caregiver
reports, Problem Behaviour Assessment-short (PBA-short),
which is universally used at HD clinics [13].

Changes in psychiatric symptoms were only vaguely
described. In 3/4 studies, details of psychiatric assessment
were not reported [9, 11, 12]. In the fourth study [10], the
clinician-rated assessment was global (Brief Psychiatric Rating
Scale, BPRS) and only mood was assessed in detail. Gonzalez
et al. [11] reported unspecified post-surgical behavioural
problems in one case. Sanrey et al. [12] stated that behavioural
changes resulted in increased neuroleptic dose in two cases.
Wojtecki et al. [10] reported no deterioration on BPRS, while
Zittel et al. [9] stated no psychiatric side-effects. None of the
studies explicitly addressed such major neuropsychiatric issues
as apathy or irritability. Thus, the effect of DBS on behaviour
in HD remains unclear. Behavioural outcomes of DBS in HD
patients from the reviewed publications are summarised in
Suppl. Table 1.

Long-term speech and cognitive outcomes
of DBS

Objective speech parameters were not monitored in detail
in any of the reviewed studies on DBS in HD. In only one
study [11] was UHDRS speech/orolingual subscore assessed,
and no statistically significant difference was observed either
at six months or at the final follow-up visit (median 3 years
after DBS implantation) compared to baseline. None of the
four studies reported the use of a UHDRS cognitive test
battery or addressed the six cognitive domains as specified
in DSM-5. Cognitive screening only was performed in three
studies [9-11]. In the fourth study [12], a more extensive but
incomplete neuropsychological assessment was performed.
The paucity of speech and cognitive data does not allow us to
draw any firm conclusions. Cognitive and language outcomes
of DBS in HD patients from the reviewed publications are set
out in Suppl. Table 2.

Discussion

This systematic review shows that there have been no
long-term RCTs on DBS in HD addressing not only motor and
daily function but also behaviour, speech and cognition. We
were able to find only four original studies including at least
five patients that fulfilled our criteria for assessment of DBS in
the treatment of HD patients. The qualification criteria used
in the selected studies differ from published recommendations
on DBS in other disorders, e.g. PD and GTS. Standardised
inclusion criteria for DBS in HD are not yet established.

Based on the analysed publications, it is difficult to
draw conclusions regarding the long-term impact of DBS
implantation on patients’ motor and functional status. The
assessment is hampered by the small size of the groups (four
studies with a total of 32 patients) and their heterogeneity.
The age of the patients, the duration of disease, and the stage
of disease all differed. The inclusion criteria for the studies
also varied. Although all four studies included patients with
drug-resistant chorea, the criteria for drug resistance were for
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the most part not defined. Another limitation is that in only
one study [10] was the clinical evaluation blinded. The other
three were open-label. This might bias the assessments due to
the placebo effect and to high expectations of improvement
by both patients and physicians.

Despite the numerous differences between the discussed
studies, all of them have clearly shown a statistically significant
improvement of chorea despite no long-term overall motor
function improvement (see UHDRS chorea subscore and
UHDRS TMS in Tab. 2). The effect of DBS on chorea was also
proved by an increase of chorea severity during off-stimulation.

It can be concluded that the alleviation of chorea after
DBS may persist for up to four years, as this was the longest
follow-up period among the analysed publications. There
are no homogeneous and statistically confirmed conclusions
regarding the impact of DBS on dystonia, bradykinesia, gait,
speech or functional status.

In a review article by Bonomo et al. [14], 20 studies
describing the effect of DBS in HD patients (n = 42) were
analysed. Apart from the three articles that we included in our
analysis, the authors also provided results for 12 case reports
and five case series. In the analysed studies, the pharmacother-
apy preceding DBS differed, and no common criteria for drug
resistance of chorea were defined. Among all the publications
analysed, ten studies showed an improvement in UHDRS total
score (range: 5.4-34.5%) and four studies revealed a deteriora-
tion in UHDRS total score (range: 3.8-97.8%) after GPi-DBS
implantation. All studies showed improvement in UHDRS
chorea subscore after bilateral GPi-DBS (range: 21.4-73.6%).
Thus, the results obtained by the authors were also incon-
clusive in terms of DBS implantation’s impact on the overall
motor outcome, although they confirmed the positive impact
of DBS on chorea.

In the recently published MDS Evidence-Based Review
on Treatments for Huntington’s Disease [15], an expert group
reviewed 22 selected studies and evaluated the evidence of
therapeutic options for HD patients. Among the 33 clinical
questions formulated by the authors, three were related to DBS.
These questions concerned whether DBS combined with best
medical treatment improves motor function, functional capa-
city and quality of life of HD patients compared to best medical
treatment alone or compared to sham stimulation combined
with best medical treatment. For any of the questions regarding
DBS, no eligible trials were found and the expert group was
unable to reach a conclusion on this topic.

None of the four reviewed studies on DBS in HD addressed
cognition in a comprehensible way. Data on DBS sequelae in
other movement disorders suggests that cognitive function
needs to be monitored in detail. In PD, in most cases DBS is as-
sociated with a slight albeit not clinically meaningful deteriora-
tion in some cognitive domains [16]. Nevertheless, patients are
psychologically examined before surgery to exclude dementia
as the main contraindication for DBS surgery. As HD is associ-
ated with early, prominent and rapidly progressing cerebral

atrophy, affecting also posterior brain areas [17], particular
care should be taken to analyse the cognitive safety of DBS
in HD. As shown in one post-mortem study, electrodes can
even become displaced due to cerebral atrophy in HD [18].

Despite the fact that HD patients can suffer from severe
and heterogeneous dysarthria and dysphagia [19], speech
was not monitored in detail in any of the reviewed studies
on DBS in HD. This is surprising, because the appearance or
worsening of dysarthria, dysphagia and stuttering are known
complications of DBS treatment in other indications [20-22].

Monitoring of neuropsychiatric symptoms in HD patients
both pre- and post-DBS has been insufficient in the reviewed
studies. PD literature reports behavioural side-effects of DBS
including increased suicide risk [23], psychotic symptoms, de-
pression, hypomania, anxiety [24], impulsivity [25], irritability,
emotional lability and pseudo-bulbar effect [24]. Thus, in PD,
DBS is not recommended in cases with prominent and poorly
controlled psychiatric symptoms [26]. However, the described
side effects were proven for the implantation of DBS into the
subthalamic nucleus, not to the GPi as in the HD patients in
the discussed publications. In HD, a variety of behavioural
symptoms is present in 73-100% of patients [27-29]. Neuro-
psychiatric symptoms (depression and apathy) are associated
with disability in HD [30], and so the monitoring of such
symptoms seems to be crucial when assessing the efficacy of
HD treatment procedures on functional status.

Therefore, as none of the reviewed studies reported com-
prehensive neuropsychiatric data pre- and post-DBS surgery
in HD, there is insufficient data to claim that DBS is useful or
safe in terms of neuropsychiatric status.

An important argument when considering the method is
that DBS implantation is an invasive neurosurgical procedure
with the risk of side effects and complications. Possible opera-
tion-related complications include among others intracranial
haematoma, epileptic seizure, respiratory distress, and hydro-
cephalus, whereas hardware-related complications include for
example electrode migration or extension wire fracture [31].
Other adverse events after DBS include neuropsychiatric
complications [32]. There are also infectious complications e.g.
incomplete stitch removal can result in superficial wound in-
fection and consequently even the formation of a brain abscess
and the necessity of hardware removal [33]. One dangerous
complication, although not one directly related to the DBS im-
plantation procedure, is battery depletion. Such an event, so far
reported in PD and dystonia patients, can be life-threatening
due to a sudden recurrence of disease symptoms [34]. In the
reviewed publications, apart from minor complications, severe
adverse events of DBS were reported, such as postoperative
malignant hyperthermia, gait impairment and hyperkinesia
after reprograming, and suicide attempts. All the side effects
of DBS which occurred in HD patients in the analysed publi-
cations are set out in Suppl. Table 3.

In many patients in the discussed publications, treatment
after DBS implantation was modified several times, so we
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decided to compare treatment before DBS to that at the final
follow-up (Tab. 2). In all studies, at the final follow-up the
number of patients treated with tetrabenazine and/or a neu-
roleptic decreased, or the medication doses were reduced,
compared to baseline.

Currently, there are two active DBS trials with pallidal
stimulation in HD with estimated completion in 2022: one is
a Chinese trial with sham stimulation (www.clinicaltrials.gov)
and the other is a European trial comparing a stimulation-on
group to a stimulation-off group. Neither of these trials is
comparing DBS to best medical treatment.

Summary of results

— Chorea severity improves after DBS in HD by ¢.50%;

— DBS does not improve functional capacity of HD patients;

— There is insufficient data on impact of DBS on dystonia
and bradykinesia in HD patients;

— There have been no systematic assessments concerning
effect of DBS in HD on behaviour, cognition or speech;

— Overall quality of analysed and other available studies is
poor. Specifically, there are many unanswered questions
regarding the safety of such procedures, and no established
protocol for patient recruitment.

Conclusions

Based on the current evidence, DBS surgery may be
considered only in patients with severe, troublesome and
drug-resistant chorea and should not be offered to all patients
with HD. This conclusion will be verified in two ongoing,
randomised and controlled trials.

At present, GPi DBS can be offered to HD patients only
as an experimental (investigational) treatment which requires
Ethical Committee consent and financial support.

We recommend that randomised, controlled studies be
performed to show the real efficacy and safety of DBS in
a population of HD patients.
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