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ABSTRACT

Background

DBS has been a major advance in the treatment sibdias. Outcomes are, however, less
predictable for secondary dystonias, predominathily to progression of disease or specific
brain lesions. There are very few cases reportgadR¥DBS for post-traumatic dystonia. We
describe the successful use of unilateral GPi-DiB3& patient with hemidystonia following
penetrating head injury. To our knowledge, thighie first description of the use of DBS
following penetrating head injury.

Case Description

We present the case of a 47 year-old man with phesnidystonia. At the age of 3 years he
suffered a penetrating head injury from a weldiegdie. The patient developed dystonic and
phasic right-sided movements. Pre-operative BFMresamas 26. MRI showed a linear
encephalomalacic track extending from the cortexthe left parieto-occipital region,
traversing just superolateral to the left trigonithe left thalamus and ending in the region
of left cerebral peduncle and subthalamic nucl@hgre was no left GPi lesion. A left GPi-
DBS electrode was inserted. At six months follow-iine patient's arm was more relaxed and
his spasms lessened in their severity and frequekidyough BFM score 21 had improved
modestly by 20%, pain and comfort levels had sigaiftly improved with 50%
improvement in VAS score, translating in betterlquaf life. There were no complications.
The clinical benefit persists at 5 years post-syrge

Conclusion

Selected patients with post-traumatic hemidystomaluding following penetrating head
injury, represent one group of secondary dystowias might benefit from DBS surgery.

Keywords
secondary hemidystonia, penetrating head injurpgbug pallidus internus, deep brain
stimulation



INTRODUCTION

Movement disorders are relatively common followisgvere head injury and have been
reported in 13% to 66% of patients (7). Patieniesenave shown that head injury accounts
for 7% to 9% of cases in symptomatic hemidystodi).(In the largest collected series to
date of 190 cases of hemidystonia, the most comaatiologies were stroke, trauma and
perinatal injury (3). Basal ganglia lesions werentified in up to 60% of cases, most
commonly involving the putamen. Patients experidrimenefit from medical therapy in only
26% to 35% of cases. It concluded that hemidystoesponded poorly to medical treatment,
though some patients may benefit from benzodiaespor anticholinergic drugs. A meta-
analysis of patients who underwent GPi-DBS for dy&t showed significant improvement
in Burke-Fahn-Marsden (BFM) scores in a varietydgktonic conditions (5). Clinically
significant improvements in outcomes were seen nmst aetiologies with the notable
exception of encephalitis.

The effectiveness of DBS for post-traumatic secondiystonia remains to be established.
However, single case-reports have demonstrated i@at@n of dystonic movements,
posture and pain with DBS for non-penetrating (@tiiblunt) post-traumatic hemidystonia
(Table 1). In this study, we report a unique cata (atient presenting with right-sided
hemidystonia post penetrating head injury, withsghp improved clinical benefit following
unilateral left sided GPi DBS. Literature regardipgsttraumatic hemidystonia treated with
DBS is also discussed.

CASE DESCRIPTION

We present the case of a 47 year-old man with phesnidystonia. At the age of 3 years he
suffered a penetrating head injury from a weldiegdie, which had entered the right medial
canthus and traversed the right frontal lobe acms$ke left parietal lobe. Following surgical
removal the patient developed meningitis and sub=eaty right sided weakness and minor
dysphasia.

The deficits were progressively improving and imngition to adulthood the patient
developed dystonic and phasic right-sided movemanteu of the hemiparesis. These
abnormal movements, which could be painful, emisaing and disturbed his balance,
greatly limited his ability to perform his day-tay activities including his job as a
supermarket worker. Following a long term of mebim@nagement that failed to alleviate
his symptoms the patient was referred for constaereaof DBS at the age of 47. At that
stage, his (pre-operative) BFM score was 26.

MRI of his brain (Figure 1) showed a linear encépimalacic track (arrows) extending from

the cortex in the left parieto-occipital regioraversing just superolateral to the left trigone
into the left thalamus and ending in the regionleff cerebral peduncle and subthalamic
nucleus. Axial gradient echo sequence (C) showinigleece of haemosiderin staining

(arrowhead) in the region of the substantia nigréeft cerebral peduncle. There was no left
GPi lesion.

Because of poor response to medical therapy, thiside was made in favour of surgery.
Following satisfactory completion of a full multsiplinary review, including neurological,

neuropsychological and neuropsychiatric assessieefeft GPi-DBS electrode was inserted.
For surgery, a Leksell G stereotactic frame (Elekistruments AB) was applied to the



patient's shaved head. Pre-operative stereotactt tas performed. A direct targeting
technique was employed with single-track impedercerding before inserting to the target
a Medtronic Model 3389 quadripolar electrode witbrdm contacts spaced 0.5mm apart.
Post-operative stereotactic CT was performed. Fétedtrode position was determined by
fusion of preoperative and postoperative imagesreghargeable ACTIVA RC battery
(Medtronic) was inserted in the left chest wall etcand connected to the electrodes under
the same anaesthetic. Stimulation settings were c¢gs contact 2-, pulse width 60
microseconds, frequency 130 Hz, with thresholdcfarical improvement at 0.7 volts, and a
final setting of 1.3 volts.

At six months following DBS, the patient's arm wasre relaxed and his spasms lessened in
their severity and frequency. Although the BFM sc(®1) had improved modestly by 20%,
his pain and comfort level had significantly impeadly translating in a better quality of life
and social function. Visual analog scale (VAS) sconproved from 5/10 moderate pain pre-
operatively to 0/10 no pain post-operatively. Atefiyears VAS score has remained at 0.
There were no complications or side effects. Theical benefit persists at 5 years post-
surgery (Video 1). BFM score post-operatively omnje follow-up has remained stable at
21.

DISCUSSION

Hemidystonia is the most characteristic presematib post-traumatic dystonia (8). Since
1928 when it was first reported by Austregesilo &marques, several patients with post-
traumatic hemidystonia have been described. Heere,presented the successful use of
unilateral GPi-DBS in a patient with hemidystoredidwing penetrating head injury.

Post-traumatic dystonia has been correlated witlryinto the basal ganglia and thalamus
with analogous radiological and patho-anatomic @asions to other causes of secondary
dystonia (3,7,11). Secondary dystonia has beennraasewith lesioning of structures
including the striato-pallido complex, ventral pastateral thalamus and mesencephalon
(1,9).

The efficacy of GPi-DBS in primary generalised dys& is established. This is, however,
less so in secondary dystonia; more variable resafle observed with less impressive
outcomes compared to primary dystonias (14). Duaetology, anatomic and physiologic

heterogeneity, differing clinical signs and progepthe secondary dystonia patient group is
diverse. Not infrequently other neurological comditiies such as seizures, cognitive

dysfunction and cerebrovascular disease coexstjatng the patient’s potential response to
surgery. Occasional dramatic or no improvementsocanr (2,14).

There have only been a few reports detailing thiecef of DBS in non-penetrating

(closed/blunt) posttraumatic secondary hemidyst@hable 1). Depending on the location,
size of lesion, pattern of injury, movement disorded symptoms of the patient, effects of
DBS may vary. In our patient, given the penetratirejure of the injury, the structures
involved could clearly be defined. Thus the patigedi no GP injury but sustained pathology
in the thalamus, STN, cerebral peduncle and thietphiobe. Unilateral left sided GPi-DBS

significantly improved his upper limb dystonia apdin symptoms even though BFMDRS
improved modestly by 20%. Although the exact striteg injured in this patient are not



clearly seen elsewhere in literature, a patient lteen described with lesions in cortical,
subcortical, upper brain stem and dentatothalamatens areas who exhibited four years of
sustained amelioration of dystonic movement, pesand pain after unilateral right-sided
GPi-DBS (10). Most recently, four successful GPi®Bases of secondary hemidystonia
associated with posttraumatic brain injury withitead GP lesion or small confined lesions
within the pallidal circuit have been described. (8verage BFMDRS (movement)
improvement was 73.2 % and BFMDRS (disability) ioygment was 75% in this group.
GPi-DBS has also been seen to only give transiapravement in a patient with post-
traumatic hemidystonia; the first 48 hours postrapen showed remarkable improvement of
functional gain through a suggested ‘stun’ effez$gibly due to the initial oedema that later
resolved.

Although the largest body of literature concerres éfficacy of GPi-DBS for dystonia, other
targets have also been utilized. Thalamic stimutathas provided improvement in focal
dystonia and myoclonus in myoclonus dystonia (4,I3)e of the first reports on post-
traumatic hemidystonia DBS involved VPL thalamigrstiation in a patient with a thalamic
lesion. The patient showed marked improvement istahyc postures and right upper limb
movement (12). More recently STN-DBS has been usetteat dystonia and has been
corroborated in a patient with post-traumatic hegmsidnia sustaining thalamic injury,
showing 90% improvement of BFMDRS with STN-DBS (15)

In our patient the track of the penetrating injumyolved both the thalamus and the STN,
disrupting the basal ganglia-thalamic pathways sesllting in the hemidystonia. In the
absence of normal thalamic or STN targets for DB& chose the GPi. Five years following
the surgery, the patient continues to experienst@ased improvement in his dystonia.

CONCLUSION

DBS has been a major advance in the treatment sitbdyas. Outcomes are, however, less
predictable for secondary dystonias, predominadtig to the progression of disease or
specific brain lesions. Selected patients with {p@simatic hemidystonia, including
following penetrating head injury, may represente ajroup of secondary dystonias who
might benefit from DBS surgery.
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Figure 1: Reformatted axial T1 images (A), axial T1 (B) showing a linear encephalomalacic track (arrows)
extending from the cortex in the left parieto-occipital region, traversing just superolateral to the left trigone into the
left thalamus and ending in the region of left cerebral peduncle and subthalamic nucleus. Axial gradient echo

sequence (C) showing evidence of haemosiderin staining (arrowhead) in the region of the substantia nigra in left
cerebral peduncle.



Table 1. Individual DBS outcome data on patients with post-traumatic secondary hemidystonia
Author, Study | Ageat Disease MRI lesion DBS Stimulation Pre-op severity Post-op % improvement Follow-
Year of n surgery | Duration features Surgery parameters, score severity score | atlast follow-up up
publication (years) | (years) Mean/Range (months)
Sellal et al. 1 16 1 L Thalamus L VPL 1.75V, NA NA NA 8
1996 Thalamic 210 ms, (Incapacitating R | (Spectacular (Due to lesion at
nucleus 60 Hz hemidystonia) improvement implant site,
of dystonic electrode taken
postures and out. Reverted
movement) back to pre-op
state)
Loher et al. 1 24 9 L Frontal R GPi 0.75-1.25V, NA NA NA 48
2000 subcortical and 150-180 ps, (Incapacitating | (Amelioration
cortical, likely 130 Hz L hemidystonia) of phasic
upper brain stem dystonic
dentatothalamic movement,
posture, pain)
Yianni et al. 1 41 24 NA Bil GPi 2.8-3.8V, AIMS 20 AIMS 20 0 12
2003 110-165 ps, | (L hemidystonia)
125-165 Hz
Zhang et al. 1 21 4 R Thalamus Bil STN NA BFMDRS 76 BFMDRS 7 90.8 6
2006 (R
hemidystonia)
BFMDRS: BFMDRS:
Kim et al. 4 23 3 R GP, Putamen L GPi 3.05V, 21 (m), 6 (d) 13 (m),2 (d) | 38.1 (m), 66.7 (d) 30
2012 32 12 R Peritrigone L GPi 180 ps, 16 (m), 5 (d) 4 (m), 2 (d) 75 (m), 60 (d) 70
26 3 RGP L GPi 70 Hz 14 (m), 4 (d) 2 (m),1(d) 85.7 (m), 75 (d) 31
40 37 R GP L GPi 8.5 (m), 2 (d) 0.5(m),0(d) | 94.1 (m), 100 (d) 51
Kwon et al. 1 47 44 L cerebral L GPi 0.7-1.3V, BFMDRS 26 BFMDRS 21 20 60
2016 peduncle, STN, 60 ps, (R
Thalamus, 130 Hz hemidystonia)

Parietal lobe

AIMS, Abnormal Involuntary Movement Scale; VPL Ventroposterolateral; STN, Subthalamic Nucleus; BFMDRS, Burke-Fahn-Marsden Dystonia Rating Scale; NA, None
Available; GP, Globus Pallidus; GPi, Globus Pallidus Internus; m, movement; d, disability; V, Volts; Hz, Hertz; R, right; L, Left.




HIGHLIGHTS

» Movement disorders are common post severe head injury and have
been reported in 13%-66% of patients

» Thisisthe first description of the use of DBS following penetrating
head injury

» We present a patient with right-sided hemidystonia post penetrating
head injury

» Right inferior frontal lobe and left cerebral peduncle, STN, thalamus
and parietal lobe injured

» Improved clinical benefit with left ssded GPi DBS, although BFM
score improved modestly by 20%



ABBREVIATIONS

GPi - Globus pallidus internus

DBS - Deep brain stimulation

BFMDRS - Burke-Fahn-Marsden Dystonia Rating Score
STN - Subthalamic nucleus

VPL - Ventroposterolateral



