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Abstract

Background Dystonia is a condition that affects the ability to control the movement and function of the body’s muscles. It
can cause not only physical problems, but also mental problems, resulting in impaired health-related quality of life (HRQoL).
However, the effect of deep brain stimulation on quality of life in acquired dystonia remains unclear.

Methods We conducted a systematic literature review from January 2000 to October 2022, determined the eligible stud-
ies, and performed a meta-analysis of HRQoL outcomes based on the Short-Form Health Survey-36 (SF-36) after DBS to
evaluate the effects of DBS on physical and mental QoL.

Results A total of 14 studies met the inclusion criteria and were systematically reviewed. A comprehensive meta-analysis
was performed for 9 studies that reported physical and psychological data or physical component summary (PCS), or mental
component summary (MCS) for SF-36. The mean (SD) age at DBS implantation was 34.29 (10.3) years, and the follow-up
period after implantation was 2.21 (2.80) years. The random effects model meta-analysis revealed that both physical and
mental domains of the SF-36 improved following DBS. There was no statistically significant difference between the physical
domains (effect size=1.34; p<0.0001) and the mental domains (effect size=1.38; p<0.0001).

Conclusion This is the first meta-analysis that demonstrates significant benefits in HRQoL following DBS in patients with
acquired dystonia. There were significant improvements in both physical QoL and mental QoL.

Keywords Quality of life - Deep brain stimulation - Dystonia

Dystonia is a neurological condition characterized by
abnormal involuntary movements causing abnormal, often
repetitive, movements, postures, or both [1]. In addition to
abnormal movements and postures, movement disorders
are often accompanied by nonmotor comorbidities, such as
impairments in cognition, communication, nutritional intake,
and sleep. This also increases the psychological burden of
patients and seriously reduces their quality of life.

Previous classification methods for dystonia have focused
more on etiology, and are divided into primary dysto-
nia (with or without a hereditary pattern) and secondary
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dystonia (with other hereditary neurological conditions
or due to known environmental cause), and psychological
forms of dystonia [2]. With further understanding of the
etiology and pathophysiological mechanisms of dystonia,
the meaning of these terms has changed. According to the
new classification method in 2013, in etiology axis dystonia
is subdivided into inherited, acquired, and idiopathic dysto-
nia [3]. Dystonia is defined as being acquired when it is non
inherited and has a known acquired or exogenous origin. The
causes of acquired dystonia are varied, including infections,
traumatic brain injury, drugs or drugs, etc. [3].
Management of dystonia is particularly challenging,
because pharmacological treatment is often unsatisfactory,
or side effects are dose-limiting factors [4]. In patients with
medically refractory dystonia, deep brain stimulation (DBS)
of the globus pallidus internus (GPi) has been shown to be
an effective and safe treatment [5—8]. However, the main out-
come index of most studies was the improvement of motor
function, and few studies recorded nonmotor symptoms in
dystonia. A recent literature review reported that DBS can
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relieve the dystonic pain [9], and has a major impact on
mood, anxiety, and cognition [10]. This indicate that DBS
may also be beneficial in HRQoL following DBS in patients
with dystonia. A previous systematic review study has dis-
cussed the effect of DBS on dystonia on the improvement
of HRQoL [11]. However, due to the small number of rel-
evant studies and limited quality, no further meta-analyses
were performed on quality of life improvement across dys-
tonia subtypes. In recent years, a number of studies have
explored the effect of DBS on patients with acquired dysto-
nia [12-15]. There is a need for an update and quantitative
analyses on a systematic review of HRQoL outcomes after
DBS in acquired dystonia.

In view of the small numbers of patients, the substantial
variability in improvement of quality of life, and the consid-
erable clinical heterogeneity of patients with acquired dysto-
nia [12—15], we investigated the effects of DBS on patients
with acquired dystonia, in a meta-analysis of published
patient data. The aim was to assess the improvement of
the quality life outcomes average response to DBS in these
patients and to isolate outcome predictors in a larger cohort.

Methods

This systematic review was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist [16]. A protocol was prospec-
tively registered with PROSPERO (CRD42022362490).

Eligibility criteria

In this systematic review and meta-analysis, we included
articles fulfilling the following inclusion criteria: (1) a
cohort of patients with acquired dystonia; (2) DBS targeted
to the GPi, STN, or thalamus; (3) reporting both motor and
HR-QoL outcomes using formal assessment scales; and (4)
papers published in English. Review articles, meta-analy-
ses and conference papers were excluded. In addition, we
explored additional articles by reviewing the reference lists
of included articles.

Literature search

According to the PRISMA guidelines a literature search
of articles published from January 2000 to October 2022
was performed using PubMed, Web of Science and the
Cochrane Library, restricted to the English language.
The search terms included dystonia, secondary dystonia,
acquired dystonia, tardive dystonia, dyskinetic cerebral
palsy, deep brain stimulation, DBS, pallidal stimulation,
quality of life, QoL and HR-QoL. Two investigators (AA
and HW) independently screened for duplicates, screened
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the titles and abstracts, and then reviewed full texts based
on the inclusion criteria. Disagreements were resolved
through discussion.

Data extraction

We collected the following information for each study: a
type of study, number of patients, gender, DBS targets,
types of dystonia before DBS, age at DBS, disease duration
before DBS, follow-up period after DBS, preoperative and
postoperative scores of dystonia rating scales and HR-QoL
outcomes.

Statistical analysis

We analyzed preoperative and postoperative HRQOL means
and SD, sample sizes and preoperative and postoperative
correlation values through Comprehensive Meta-Analysis.
To determine heterogeneity, we conducted meta-analysis
variability tests: Cochran’s Q, and I2 statistics [17, 18]. A
random effects model meta-analysis technique was applied
to provide weighted individual effect sizes as well as an
overall effect size based on the standardized mean differ-
ence of the comparisons [19, 20]. Furthermore, publication
bias was assessed by funnel plot asymmetry and Egger’s
regression test [21].

Results
Literature search

This systematic review and meta-analysis search identified
a total of 702 records (Fig. 1). After removing duplicated
articles, we performed title and abstract screening and then
examined the full texts of 293 remaining articles. Screening
was conducted according to the inclusion criteria, and identi-
fied 14 articles that reported preoperative and postoperative
motor and HR-QoL outcome data following DBS in patients
with Acquired dystonia(Table 1).

To assess the HRQoL outcomes, Short Form Health Sur-
vey-36 (SF-36) [33] was the most commonly used instru-
ment (9 articles). The Child Health Index of Life with Dis-
abilities questionnaire (CPCHILD) was used in 2 studies
[34], the Euro-QoL (EQ-5D) in one study [35], Lehman
Quality of Life Interview in 1 study [36], and the Pediatric
Quality of Life Inventory (PedsQL) in 1 study [37]. Qual-
ity of life scores other than SF-36 were not included in the
final meta-analysis because these were poorly reported, with
insufficient details on changes in scores.
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Demographics of the cohort

Of the fourteen studies included, two were prospective
multicenter randomized clinical trials [15, 30]; three were
prospective single-center studies [12, 22, 28]; one was a pro-
spective multicenter study [23]; and eight were retrospective
single-center studies [13, 14, 24-27, 29, 31]. In the prospec-
tive randomized multicenter study, quality of life outcomes
were available only for patients allocated to the deep brain
stimulation group, both before and after DBS treatment.

Thus, the final cohort comprised 156 patients with 73
males and 83 females; mean (SD) age at DBS implantation,
34.29 (10.3) years; disease duration before implantation,
15.58 (6.07) years; and follow-up period after implantation,
2.21 (2.80) years.

Results of the meta-analysis
This comprehensive meta-analysis investigated HR-QoL

outcomes after DBS implantation in patients with acquired
dystonia. Synthesized data from nine longitudinal studies

included preoperative and postoperative longitudinal data of
the eight domains of SF-36 as well as PCS and MCS, which
totaled 64 comparisons. We conducted a random effects
model meta-analysis on the 64 comparisons and found a sig-
nificant overall standardized mean difference statistic equal
to 1.36, SE=0.13, 95%CI=1.10-1.63, p<0.05, Z=10.12.
According to these results, quality of life scores were higher
after DBS implantation at baseline.

Heterogeneity and publication bias

The three meta-analysis variability tests indicated mild het-
erogeneity in the 64 comparisons: (1) Cochran’s 0=300.41
p=0.000; (2) Tau squared (T2)=0.930; and (3) Higgins and
Green’s 12 = 81.89%.(4)Galbraith plot (Fig. 2). These val-
ues point to homogenous HRQoL and DBS comparisons.
Consistent with classic meta-analysis techniques for evaluat-
ing publication bias, we created and evaluated a funnel plot
(Fig. 3). Inspection indicates that symmetry is evident. The
publication bias test evaluated 64 comparisons by determin-
ing the relationship between effect size and accuracy. The
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Table 1 (continued)

Motor improvement QOL items with

at the last follow-up

Follow-up

Disease duration Target
before surgery

participants(n) Gender (male/ Age at
(years)

study design

year

No Author

significant

period(yeasr)

surgery
(years)

female)

improvement
after DBS

Bil GPI 102 +£2.8 BFMDRS-M 73%  SF—36

57.6 +17.4 543 +4.03

7 1/6

2022 Retrospective

13 Krause et al. [31]

single centre
study

2022 Prospective

CPCHILD, SF-36

Bil GPI 0.25, 0.5 No significant

134+29

134+29

10/6

16

14 Koy et al. [32]

changes

, 0.75.1

randomised

Multicenter

Study

regression result of Egger’s test shows that there is a signifi-
cant intercept (p<0.0001). Thus, random effects model meta-
analyses were applied. We are therefore cautious to conclude
that overall publication bias is within acceptable guidance.

Physical and mental domains: moderator variable
analysis

Most importantly, to answer our primary question on the
physical and mental domains of the HR-QoL, we further ana-
lyzed the individual scores for both subcategories. Consistent
with the traditional approaches for analyzing the standardized
mean effects for different subgroups, we identified a clear pat-
tern of distinction. The 48 comparisons for each of the sub-
categories indicated different effect sizes: (1) physical effect
size=1.35, SE=0.20, 95%CI1=0.96-1.74, p<0.0001, Z=6.83,
77 =1.02, I> =83.20%; and (2) mental effect size=1.38,
SE=0.19, 95%CI=1.01-1.74, p<0.0001, Z=7.41, T> =0.87,
’=80.93%. To examine the individual studies standardized
mean effects and the 95% Cls for each of the subcategories,
we created two separate forest plots (Figs. 4 and 5). Noting
that both of the effects for the physical and mental subcat-
egories reached significance, we conducted a Z test using
the means and variances of the estimated effects leading to
a p value on the differences in the estimated effects between
the two subcategories. For hypothesis testing, the true effect
size is predicted to be the same for both subcategories, HO
: Effect size A (physical)=Effect Size B (mental). Rejecting
the null hypothesis at the traditional alpha level (p<0.05)
indicates different effect sizes for the two subcategories. A Z
test, as outlined above, showed that the effect sizes between
the physical and mental subcategories were significantly dif-
ferent (p=0.0015). This indicates that the physical subcatego-
ries rated higher than the mental subcategories. Thus, these
patients with dystonia improved more on the physical aspects
of the QoL than on the mental aspects.

Given the robust physical and mental subcategory find-
ings, moderator variable analyses on the four specific ques-
tions for each domain revealed significant effect sizes for the
subgroups within each domain. For the physical domains,
the four significant standardized mean difference effects fol-
low: (1) physical functioning=1.01; (2) role physical=1.98;
(3) bodily pain=1.76; and (4) general health=0.69. Thus,
each domain improved following DBS, and the role physical
domain showed the largest effect size. Moderator variable
analysis of the mental domains indicated four significant
standardized difference mean effects: (1) vitality=1.20; (2)
social functioning=1.30; (3) role emotional=1.45; and (4)
mental health=1.65. Although the effect sizes were slightly
smaller than those in the four physical domains, each of the
subgroups in the mental domain showed medium to large
magnitudes with vitality being largest.
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Fig.2 Galbraith plots (assess-
ing heterogeneity)
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Discussion

DBS is a well-recognized and widely used intervention for
the treatment of many of the most common forms of move-
ment disorders, including PD, essential tremor and primary
dystonia. It has been studied in acquired dystonia cases
with variable results. We conducted review and meta-anal-
ysis of acquired dystonia cases treated with DBS described
in the literature so far. Overall, the data referenced and
discussed in this overview show a potential effectiveness
of DBS for these acquired dystonia. Across the quality of
life assessment measures, we found significant improve-
ments in most quality of life scores, particularly in the
SF-36 quality of life score, which is used most frequently
in various studies, before and after DBS surgery. We found

@ Springer

significant improvements in both the physical and men-
tal areas. The areas of physical quality of life (physical
function, physical role, physical pain, and general health)
showed improvement, with large effect sizes ranging from
0.69 to 1.98. As the physical functioning and role physi-
cal domains assessed physical disability related to the dis-
ease, GPi DBS effectively improved these domains in close
association with the reduction of dystonic symptoms. Our
findings are consistent with previous findings, that is, the
BFMDRS scale and the DIS scale were used to assess the
degree of dystonia, which showed significant improvement
in physical disability scores after DBS [5-8, 38]. Similarly,
improvement of pain following DBS was reported based on
pain-specific assessment questionnaires [10, 11, 39, 40].
Furthermore, a recent pooled meta-analysis showed that
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Fig.4 Physical domain forest plot showing summary data as individual weighted effect sizes (standardized mean difference) and 95% Cls

DBS improved pain based on the TWSTRS pain sub-scores
in patients with cervical dystonia. In a recent meta-analysis
[9], the results showed improvement in the pain rating scale
across the cohort after DBS. Pain severity, pain frequency,
and analgesic need were all reduced.

The mental QoL domains (vitality, social functioning,
role emotional and mental health) showed improvement
with medium to large effect sizes ranging from 1.20 to
1.65. Earlier studies reported various changes in depres-
sion and anxiety disorders with stable or improved symp-
toms after DBS surgery [41, 42]. Patients with acquired
dystonia because long-term dystonia can lead to social dis-
orders or mental disorders such as anxiety or depression.

This can lead to poor follow-up treatment and even sui-
cidal ideation. We should pay more attention to mental
problems and screen for possible suicidal ideation in a
timely manner. A multidisciplinary DBS team consisting
of neurologists, neurosurgeons, psychiatrists, psycholo-
gists, rehabilitation therapists, etc., may help to conduct
adequate preoperative assessment and obtain maximum
benefit postoperatively [8, 43].

The included cases mainly included movement disorder
cerebral palsy and delayed dystonia, or trauma-induced
dystonia. Our analysis found no clear relationship between
etiology and improvement in quality of life after surgery.
This may be due to a long history of both cerebral palsy and
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Testof 8 = 8;: Q(7) = 31.71, p = 0.00 <> 1.30[ 0.60, 2.01] 0.36
Overall > 1.38[ 1.01, 1.74] 0.19
Heterogeneity: 7> = 0.87, I = 80.93%, H” = 5.24
Test of 8 = 6 Q(31) = 137.54, p = 0.00

2 2 a 6

Random-effects REML model

Fig. 5 Mental domain forest plot showing summary data as individual weighted effect sizes (standardized mean difference) and 95% Cis

tardive dystonia, and there may be severe structural abnor-
malities in the brain.

In the selection of DBS surgical targets, 12 research dou-
ble-sided GPi nuclei, one STN nucleus and one Vop/Vim
nucleus. No further statistical analyses were performed due
to study and case number limitations. Many studies have
confirmed that BP-GPi DBS can improve BFMDRS score
and quality of life score, and is a relatively safe and effective
target [5—8]. In a retrospective cohort study in China, bilat-
eral STN-DBS stimulation was perform. The mean follow-
up was 65.6 + 30.4 months. BFMDRS exercise and dis-
ability scores improved further at the last follow-up, 87.3+

@ Springer

17.0% and 84.3% + 22.9%, respectively, while AIMS scores
improved by 88.4 + 16.1%. Patients showed a statistically
significant (p < 0.01) improvement in both physical and
mental QoL, and this benefit persisted and stabilized [26]. In
a phase 1 clinical trial, four cases of bilateral Vop/Vim DBS
were reported. The results showed an average improvement
of 21.5% in BFMDRS motor scores, 15.7% in BFMDRS dis-
ability subscale scores, and 27% in total PedsQL scores [29].
STN and Vop/Vim are very promising DBS targets. Further
large-sample, randomized controlled studies are needed to
compare the clinical effects of DBS targets in patients with
acquired dystonia.
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However, this review and meta-analysis has several limi-
tations. First, research on the treatment of acquired dystonia
with DBS is limited, with some studies not providing spe-
cific values for quality of life scores, and some articles only
providing total PCS/MCS scores and not data for the eight
domains of the SF-36. Second, only studies reporting SF-36
quality of life scores were included in the meta-analysis,
and the rest of the quality of life scores were not included.
Finally, most of the included studies were observational and
unblinded. The inherent biases arising from patient selection
and unblinded assessment could not be addressed.

Conclusion

This systematic review and meta-analysis supports the premise
that DBS significantly improves both physical and mental QoL
along with motor improvement in patients with acquired dys-
tonia. However, long-term data, STN DBS and Vop/Vim DBS
data in this population remain scarce. Importantly, a unified
reporting format including the mean, precision and range of the
data is desirable for further accumulation of useful data. When
evaluating the postoperative clinical effect of DBS, we should
not only pay attention to the improvement of postoperative dys-
kinesia, but also observe the improvement of patients’ quality of
life scores, which provides us with new clinical evaluation strat-
egies. In addition, sensitive and disease-specific measures for
different subtypes of dystonia need to be developed. Overall, the
results of future studies will allow clinicians to provide a clearer
view of patients and improve patients’ HRQoL after DBS.
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