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Abstract

:

The diagnosis and treatment of functional movement disorders are challenging for clinicians who manage patients with movement disorders. The borderline between functional and organic dystonia is often ambiguous. Patients with functional dystonia are poor responders to pallidal deep brain stimulation (DBS) and are not good candidates for DBS surgery. Thus, if patients with medically refractory dystonia have functional features, they are usually left untreated with DBS surgery. In order to investigate the outcome of functional dystonia in response to pallidal DBS surgery, we retrospectively included five patients with this condition. Their dystonia was diagnosed as organic by dystonia specialists and also as functional according to the Fahn and Williams criteria or the Gupta and Lang Proposed Revisions. Microelectrode recordings in the globus pallidus internus of all patients showed a cell-firing pattern of bursting with interburst intervals, which is considered typical of organic dystonia. Although their clinical course after DBS surgery was incongruent to organic dystonia, the outcome was good. Our results question the possibility to clearly differentiate functional dystonia from organic dystonia. We hypothesized that functional dystonia can coexist with organic dystonia, and that medically intractable dystonia with combined functional and organic features can be successfully treated by DBS surgery.
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1. Introduction


Dystonia is a clinical syndrome diagnosed largely by clinical phenomenology [1]. Because there are so many different clinical manifestations and causes, there is no specific examination criteria or simple algorithm for diagnosing dystonia [1,2,3,4]. Dystonia is characterized by patterned, directional, sustained, or intermittent muscle contractions causing abnormal dystonic postures, and repetitive twisting dystonic movements [2,3,4,5,6]. In addition, organic dystonia patients often manifest morning benefit, overflow phenomenon, mirroring, action dystonia, and sensory trick (geste antagoniste) [4,5,6]. Morning benefit is a phenomenon where dystonic symptoms alleviate early in the morning because of relaxation or sleep [6]. Activation of dystonic movements beyond the commonly involved body regions is called overflow [4,5]. Mirror dystonia occurs in the affected region when a non-affected homologous body part performs specific tasks [5]. Action dystonia is the aggravation of dystonic movements by specific voluntary movements [4,6]. Alleviation of dystonia with tactile or proprioceptive sensory input to the affected body part is called a sensory trick; its attenuating effects may diminish with disease progression [4,5,6]. Due to the lack of specific diagnostic tests, expert observation of these manifestations is recommended in the guidelines of the European Federation of Neurological Associations [3].



The critical step in order to diagnose organic dystonia is to rule out disorders that mimic dystonia due to orthopedic, neuromuscular, or psychogenic processes [1,2,5,6]. Functional (psychogenic) dystonia is a manifestation of functional movement disorders, which are part of the wide spectrum of functional neurological disorders [7]. Functional neurological disorders account for over 16% of new patients referred to neurological clinics [8] and cause a long-term impairment in quality of life as in Parkinson’s disease [7,9]. Functional neurological symptom disorder is classified as an official term in Diagnostic and Statistical Manual of Mental Disorders (DSM)-V under the general category of somatic symptom and related disorders [10,11], and is clearly differentiated from factitious disorder and malingering [1]. Functional dystonia is the second most common condition in patients with functional movement disorders after functional tremors [12]. According to the Gupta and Lang proposed revisions, functional dystonia is diagnosed by: (a) a documented persistent relief by psychotherapy, which may also be helped by physiotherapy; (b) disappearance of movement impairment when patients believe that they are not being observed; (c) movement alterations which do not match a classical movement disorder; or (d) inconsistencies in the examination [13]. Although patients with functional fixed dystonia are considered not to exhibit overflow dystonia and sensory tricks, all positive features of organic dystonia can be observed in functional dystonia as well [14,15,16]. Therefore, diagnosis and treatment of functional dystonia is challenging for neurologists and psychiatrists [14,17,18,19]. The pathogenesis is still a mystery. Abnormal cortical and spinal excitability have been associated with functional dystonia in a few case reports [20,21]. It has been reported that there are no differences in single unit discharge characteristics during pallidal deep brain stimulation (DBS) between functional and organic dystonia [22,23]; however, the clinical course is dismal whether they receive the surgical intervention or not [22,23,24,25,26,27,28]. Because of their poor surgical outcome, patients with medically intractable functional dystonia are neglected and left untreated.



In this report, we included five patients who manifested phenomenologically with generalized- or hemi-dystonia, which was not clearly definable as organic or functional. All patients received pallidal DBS, experiencing good clinical outcomes. Our results raise important questions about the boundary between functional and organic dystonia, and about the indications for DBS surgery in patients with dystonia and functional features.




2. Materials and Methods


Before the surgery, written informed consent was obtained from all patients for the use of their clinical data. This study was approved by the Ethical Committee of Tokushima University Hospital (approval number 3743, date of approval 22 June 2020).



2.1. Subjects


We retrospectively included four generalized and one hemi-organic dystonia patients who were diagnosed as having organic dystonia by movement disorder specialists. They also manifested psychiatric features and could be simultaneously diagnosed as clinically definite functional dystonia by the Gupta and Lang Proposed Revisions.




2.2. Assessment Instruments


Dystonia symptoms in all patients were assessed before the surgery and at follow-up using the Burke-Fahn-Marsden Dystonia Rating Scale (BFMDRS), which includes both a movement scale and a disability scale [29]. These surgical outcomes were compared with other types of dystonia using data that we have already published [30,31]. Statistical analyses were performed using the Student’s t-test or one-way ANOVA followed by Games–Howell test. A p value < 0.05 was considered statistically significant.




2.3. Surgical Procedure


Bilateral pallidal-DBS surgery was carried out as we previously reported with some modifications [30,31]. Under general anesthesia with propofol or desflurane, semi-microelectrode recordings were performed in all patients. DBS electrodes were implanted into the bilateral ventral margins of the globus pallidus internus (GPi) and connected to the programmable pulse generators implanted subcutaneously on the same day.





3. Results


3.1. Clinical Characteristics of the Dystonia Patients


None of the patients had a family history of neurological disorders. Patients 1–4 had a history of psychiatric symptoms (Table 1) and had received medications, including benzodiazepines, tricyclic antidepressants, selective serotonin uptake inhibitors, serotonin-norepinephrine reuptake inhibitors, and anticonvulsants. Patient 4 also had a history of drug abuse with benzodiazepines and methamphetamine; therefore, she might have had tardive dystonia. The results of blood examinations evaluating the concentrations of vitamins, homocysteine, ceruloplasmin, and copper were normal; genetic screenings of DYT1 and DYT6 were negative; neuroimaging studies including brain magnetic resonance imaging/angiography were intact in all patients except Patient 5 who expressed lower levels of serum ceruloplasmin and copper. Although the ATP7B gene was negative, patient 5 was diagnosed with Wilson’s disease and was administered zinc acetate and trientine hydrochloride. His hemidystonia might have been secondary to Wilson’s disease. All patients manifested dystonic postures or movements and at least one symptom, which was characteristic of organic dystonia (Table 1). Patients 1–4 were bedridden due to severe dystonic symptoms. No one presented with parkinsonism. Medications, including intravenous injection of L-dopa, transoral administration of benzodiazepines, and trihexyphenidyl hydrochloride were not effective or only showed limited effects. Botulinum toxin injections were partially effective for Patients 1 and 5, but non-effective for the others. Baclofen trial for Patients 1 and 3 were not effective (Table 1). Before the surgery, we suspected that Patients 2 and 3 might have functional dystonia because of their history of marked alleviation of dystonia by the placebo treatment, though they displayed symptoms that we considered to be part of organic dystonia. Repetitive transcranial magnetic stimulation (rTMS) was also partially effective for Patient 2. Patients 2 and 3 were followed-up for several months; however, they were still bedridden and showed strong inclination towards DBS. Thus, we decided to perform DBS for their organic dystonia. Patients 4 and 5 experienced significant alleviation in their movement disorder when they believed themselves to be unobserved before the surgery. However, the alleviation was partial and we judged that they had predominant organic dystonia.



At the time of surgery, the mean age of the patients with dystonia was 28.2 ± 9.3 (range, 15–36) years and the mean disease duration was 3.3 ± 2.7 (range, 1.5–8.0) years. The mean preoperative BFMDRS motor score was 58.9 ± 10.7 and BFMDRS disability score was 12.8 ± 2.4.




3.2. Electrophysiological Findings and Postoperative Verification of the Implanted Electrodes


All patients showed a cell-firing pattern of bursting with interburst intervals during microelectrode recordings in GPi. Intraoperative X-ray system and postoperative computed tomography images demonstrated that all the electrodes were implanted in the GPi.




3.3. Stimulation Settings


For all patients, optimal results were obtained at the final stimulator settings with the mean current of 2.2 ± 1.6 mA on the right side (range, 1.1–4.6), and 3.2 ± 1.5 mA on the left side (range, 1.6–4.8); mean frequency of 100 ± 35.6 Hz on the right side (range, 60–180), and 84 ± 47.2 Hz on the left side (range, 20–180); and pulse width of 110 ± 66.3 μs on the right side (range, 60–200), and 194 ± 150.3 μs on the left side (range, 60–420).




3.4. Assessment of Symptoms after the Surgery


As shown in Table 2, the mean follow-up period after the surgery was 33.0 ± 21.4 months (range, 9–55 months); 3 of the 5 patients were followed for more than 3 years. All patients initially responded well to DBS. Patient 1 was blinded during the stimulation and showed aggravation of dystonia on the right side when left pallidal stimulation was turned off; however, no change was observed on her left side when the right pallidal stimulation was turned off. Patient 1 recovered gradually from dystonia on her left side with the right pallidal stimulation; however, 17 months after the surgery, she suddenly developed new incongruent fixed dystonia in her left hand. Patient 2 was fully recovered from her symptom and discharged. One month after full recovery and discharge, dystonia symptoms showed a sudden complete recurrence in Patient 2. Blind DBS discontinuation did not alleviate her symptoms, but she gradually recovered by placebo adjustment of the parameters and was discharged without stimulation. She had remaining mild dystonia, which appeared in the same segments as observed by placebo treatment. Two months after discharge, at the patient’s request, we restarted the stimulation and saw full recovery of the remaining dystonia. Patient 3 almost fully recovered from generalized dystonia, and almost no change except the emerging dystonic posture in her right shoulder and bilateral legs during the blind DBS discontinuation was observed. One month after the surgery, Patient 3 presented with an edema on her legs, and was diagnosed with complex regional pain syndrome, which was successfully treated with steroids. Mild recurrence of choreic movements in her hands and legs were successfully treated with placebo adjustments. Patient 4 also fully recovered from her generalized dystonia; however, she manifested very mild recurrence on her face and hands, which was successfully treated with placebo adjustments. Patient 5 showed mild response to DBS. He showed moderate alleviation when believing himself to be unobserved several times after the surgery. Blind DBS discontinuation seemed to evoke no change in his hemidystonia immediately. However, blind stimulation discontinuation for a few weeks aggravated his dystonia.



Thus, Patient 1 was diagnosed as “clinically established” and the other four patients as “documented” functional dystonia by the Fahn–Williams criteria. All patients were diagnosed with “clinically definite” functional dystonia as determined by the Gupta and Lang Proposed Revisions.



At the latest follow-up, dystonia symptoms of all patients had improved markedly. The mean BFMDRS motor score improved significantly (58.9 vs. 9.8; p < 0.001). The mean BFMDRS disability score also improved significantly (12.8 vs. 3.2; p < 0.01). Their improvement rates were 82.6 ± 22.4% (range, 63.8–100%) in motor score and 73.6 ± 37.8% (range, 18.2–100%) in disability score. Four of the five patients were no more dependent in daily life, and three of the five patients successfully got back to their work.




3.5. Comparison with Other Types of Dystonia


One-way ANOVA revealed that there were significant differences among three types of dystonia in age at surgery (p < 0.001), duration of the illness at surgery (p < 0.001), and preoperative BFMDRS motor score (p < 0.05) (Table 3).



Post-hoc analysis revealed that functional dystonia patients were significantly younger at surgery than those with tardive dystonia (p < 0.05), and Meige syndrome (p < 0.001). Patients with tardive dystonia were also younger at surgery than those with Meige syndrome (p < 0.01). Meige syndrome patients had significantly longer duration of the illness at surgery than patients with other type of dystonia (p < 0.01). The preoperative BFMDRS motor score was significantly worse in functional dystonia patients compared to Meige syndrome patients (p < 0.05). There was no difference among three types of dystonia in follow-up periods, preoperative BFMDRS disability score, postoperative BFMDRS motor and disability scores, and improvement rate in BFMDRS motor and disability scores. Thus, the improvement in BFMDRS scores by pallidal DBS was the same among the three groups.





4. Discussion


Historically, Oppenheim’s dystonia was considered to be a hysteric reaction before the discovery of the DYT1 gene [7,32]. Focal task specific dystonia (FTSD) was thought to be psychogenic in origin until the 1980s. Idiopathic dystonia often develops after mental stress as in hereditary dystonia DYT11 (DYT-SGCE) and DYT8 (paroxysmal nonkinesigenic dyskinesia) [32,33,34]. Psychiatric comorbidities are often discussed in dystonia patients [34]. Thus, it seems that dystonia is often very close to the mental and psychiatric symptoms. Our five patients were defined as clinically established or definite functional dystonia according to the Fahn–Williams criteria or the Gupta and Lang Proposed Revisions [13,35]. Although dystonia specialists argued carefully about the symptoms before the surgery, and judged some of these symptoms as organic, we could not clearly find the borderline between functional and organic dystonia. Our patients manifested a typical cell-firing pattern of organic dystonia patients that was observed in other studies [22,23] and the clinical outcomes were the same as those of other types of organic dystonia. Two important issues that should be clarified are whether functional dystonia can be clearly differentiated from organic dystonia, and whether dystonia patients with functional features can be excluded from surgical intervention.



Fixed abnormal posture is considered a typical manifestation of functional dystonia [7]. Given that FTSD arises from the over-practice of specific tasks, it is not surprising that doing the same fixed abnormal posture might cause abnormal firing in the brain motor circuitry. Currently, there is no firing pattern data from normal human GPi or thalamus. The data from patients with Parkinson’s disease and dystonia, or from non-human primates, suggests that long-term suppression in patients with dystonia typically shows abnormal neuronal activity [36,37,38,39,40,41]. Kobayashi et al. and Ramos et al. described that thalamic, as well as GPi activities, observed in the intraoperative microelectrode recordings in patients with functional dystonia exhibit a cell-firing pattern of bursting with interburst intervals, and this is similar to the cell-firing pattern of organic dystonia [22,23]. We also detected a cell-firing pattern of bursting with interburst intervals in all patients [42,43]. Thus, it is plausible that an abnormal posture induces a cell-firing pattern of bursting with interburst intervals.



In addition to the performance of specific tasks, it is suggested that genetic predisposition underlies the cause of FTSD [44]. There also exists the maladaptive plasticity in sensorimotor integration in patients with FTSD [44]. Espay et al. reported that suppression of cortical neurons and subsequent suppression of spinal neurons by TMS paired stimulations were abnormal in both patients with functional and organic dystonia [21]. This means that changes in cortical plasticity are present both in patients with functional and organic dystonia. Although genetic predisposition or epigenetic changes might be required, prolonged fixation in an abnormal posture in patients with functional dystonia might generate secondary organic dystonia and make up complexity of functional and organic dystonia [45]. In contrast, primary existing organic dystonia in our patients might have intermingled with subsequent functional dystonia. Functional dystonia has been reported to co-occur with other organic movement disorders (functional overlay) [7,12,16,46]; however, our study focuses on the co-existence of functional and organic components in a single movement disorder, i.e., dystonia.



Increasing evidence support the notion that functional movement disorders are caused by malfunction in brain networks, making it difficult to differentiate organic from functional dystonia [1,11]. Abnormal connectivity between cognitive, limbic, and motor neural networks seems to occur in patients with functional movement disorders [11]. The impairments in the hub structures of limbic and motor circuits, such as the striosome compartment in the striatum, might be important for its pathogenesis [47]. It might be important to continue modulating the neural network in order to stop primary organic dystonia or to prevent establishment of a vicious circle induced by secondary organic dystonia. We conclude that we should not deny the application of the surgical intervention to dystonia patients just because they are diagnosed as functional by the Fahn–Williams criteria or Gupta and Lang Proposed Revisions. If there is an organic component, DBS surgery might help alleviate dystonia. The development of new criteria for surgical intervention in dystonia patients with functional features is needed.







Author Contributions


Conceptualization, R.M. (Ryoma Morigaki); methodology, R.M. (Ryoma Morigaki), and R.M. (Ryosuke Miyamoto); formal analysis, R.M. (Ryoma Morigaki); investigation, R.M. (Ryoma Morigaki), R.M. (Ryosuke Miyamoto), T.M.; resources, R.M. (Ryoma Morigaki), R.M. (Ryosuke Miyamoto), H.M., T.M., Y.Y., T.O., Y.M., K.M., M.N., N.Y., and S.O.; data curation, R.M. (Ryoma Morigaki), R.M. (Ryosuke Miyamoto), and T.M.; writing—original draft preparation, R.M. (Ryoma Morigaki); writing—review and editing, H.M., K.F., Y.Y., and R.K.; supervision, R.K., Y.T., and S.G.; project administration, R.M. (Ryoma Morigaki) and H.M.; funding acquisition, R.M. (Ryoma Morigaki), R.M. (Ryosuke Miyamoto), and S.G. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported in part by JSPS KAKENHI Grant Numbers JP24390223, JP26461272, JP26430054, JP16K10788, JP16KK0182, JP17K10899, and JP20K17932 and Japan Agency for Medical Research and Development (AMED Number 16ek0109182h0001).




Acknowledgments


We gratefully acknowledge the help provided by members of our team for movement disorders and Beauty Life Corporation.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hallett, M. Functional movement disorders: Is the crisis resolved? Mov. Disord. 2019, 34, 971–974. [Google Scholar] [CrossRef]

	



Jinnah, H.A.; Factor, S.A. Diagnosis and treatment of dystonia. Neurol. Clin. 2015, 33, 77–100. [Google Scholar] [CrossRef] [PubMed]

	



Albanese, A.; Asmus, F.; Bhatia, K.P.; Elia, A.E.; Elibol, B.; Filippini, G.; Gasser, T.; Krauss, J.K.; Nardocci, N.; Newton, A.; et al. Efns guidelines on diagnosis and treatment of primary dystonias. Eur. J. Neurol. 2011, 18, 5–18. [Google Scholar] [CrossRef] [PubMed]

	



Geyer, H.L.; Bressman, S.B. The diagnosis of dystonia. Lancet Neurol. 2006, 5, 780–790. [Google Scholar] [CrossRef]

	



Albanese, A.; Lalli, S. Is this dystonia? Mov. Disord. 2009, 24, 1725–1731. [Google Scholar] [CrossRef] [PubMed]

	



Kaji, R.; Hasegawa, K.; Ugawa, Y.; Osawa, M.; Kashihara, K.; Kawarai, T.; Kobayashi, T.; Sakamoto, T.; Taira, T.; Tamagawa, S.; et al. Practical Guideline for Dystonia 2018, 1st ed.; Nankodo Co. Ltd.: Tokyo, Japan, 2018. [Google Scholar]

	



Edwards, M.J.; Bhatia, K.P. Functional (psychogenic) movement disorders: Merging mind and brain. Lancet Neurol. 2012, 11, 250–260. [Google Scholar] [CrossRef]

	



Stone, J.; Carson, A.; Duncan, R.; Roberts, R.; Warlow, C.; Hibberd, C.; Coleman, R.; Cull, R.; Murray, G.; Pelosi, A.; et al. Who is referred to neurology clinics?--the diagnoses made in 3781 new patients. Clin. Neurol. Neurosurg. 2010, 112, 747–751. [Google Scholar] [CrossRef]

	



Anderson, K.E.; Gruber-Baldini, A.L.; Vaughan, C.G.; Reich, S.G.; Fishman, P.S.; Weiner, W.J.; Shulman, L.M. Impact of psychogenic movement disorders versus parkinson’s on disability, quality of life, and psychopathology. Mov. Disord. 2007, 22, 2204–2209. [Google Scholar] [CrossRef]

	



American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (dsm-5); American Psychiatric Press Inc.: Washington, DC, USA, 2013. [Google Scholar]

	



Baizabal-Carvallo, J.F.; Hallett, M.; Jankovic, J. Pathogenesis and pathophysiology of functional (psychogenic) movement disorders. Neurobiol. Dis. 2019, 127, 32–44. [Google Scholar] [CrossRef]

	



Factor, S.A.; Podskalny, G.D.; Molho, E.S. Psychogenic movement disorders: Frequency, clinical profile, and characteristics. J. Neurol. Neurosurg. Psychiatry 1995, 59, 406–412. [Google Scholar] [CrossRef]

	



Gupta, A.; Lang, A.E. Psychogenic movement disorders. Curr. Opin. Neurol. 2009, 22, 430–436. [Google Scholar] [CrossRef] [PubMed]

	



Schrag, A.; Trimble, M.; Quinn, N.; Bhatia, K. The syndrome of fixed dystonia: An evaluation of 103 patients. Brain 2004, 127, 2360–2372. [Google Scholar] [CrossRef]

	



Bhatia, K.P.; Bhatt, M.H.; Marsden, C.D. The causalgia-dystonia syndrome. Brain 1993, 116, 843–851. [Google Scholar] [CrossRef] [PubMed]

	



Ganos, C.; Edwards, M.J.; Bhatia, K.P. The phenomenology of functional (psychogenic) dystonia. Mov. Disord. Clin. Pract. 2014, 1, 36–44. [Google Scholar] [CrossRef]

	



Kranick, S.M.; Gorrindo, T.; Hallett, M. Psychogenic movement disorders and motor conversion: A roadmap for collaboration between neurology and psychiatry. Psychosomatics 2011, 52, 109–116. [Google Scholar] [CrossRef] [PubMed]

	



Morgante, F.; Edwards, M.J.; Espay, A.J.; Fasano, A.; Mir, P.; Martino, D.; DISMOV-SIN Study Group on Psychogenic Movement Disorders. Diagnostic agreement in patients with psychogenic movement disorders. Mov. Disord. 2012, 27, 548–552. [Google Scholar] [CrossRef]

	



Shamy, M.C. The treatment of psychogenic movement disorders with suggestion is ethically justified. Mov. Disord. 2010, 25, 260–264. [Google Scholar] [CrossRef]

	



Avanzino, L.; Martino, D.; van de Warrenburg, B.P.; Schneider, S.A.; Abbruzzese, G.; Defazio, G.; Schrag, A.; Bhatia, K.P.; Rothwell, J.C. Cortical excitability is abnormal in patients with the “fixed dystonia” syndrome. Mov. Disord. 2008, 23, 646–652. [Google Scholar] [CrossRef]

	



Espay, A.J.; Morgante, F.; Purzner, J.; Gunraj, C.A.; Lang, A.E.; Chen, R. Cortical and spinal abnormalities in psychogenic dystonia. Ann. Neurol. 2006, 59, 825–834. [Google Scholar] [CrossRef]

	



Kobayashi, K.; Lang, A.E.; Hallett, M.; Lenz, F.A. Thalamic neuronal and emg activity in psychogenic dystonia compared with organic dystonia. Mov. Disord. 2011, 26, 1348–1352. [Google Scholar] [CrossRef]

	



Ramos, V.F.; Pillai, A.S.; Lungu, C.; Ostrem, J.; Starr, P.; Hallett, M. Intraoperative neurophysiology in deep brain surgery for psychogenic dystonia. Ann. Clin. Transl. Neurol. 2015, 2, 707–710. [Google Scholar] [CrossRef] [PubMed]

	



Petrovic, I.N.; Tomic, A.; Voncina, M.M.; Pesic, D.; Kostic, V.S. Characteristics of two distinct clinical phenotypes of functional (psychogenic) dystonia: Follow-up study. J. Neurol. 2018, 265, 82–88. [Google Scholar] [CrossRef] [PubMed]

	



Romito, L.M.; Franzini, A.; Perani, D.; Carella, F.; Marras, C.; Capus, L.; Garibotto, V.; Broggi, G.; Albanese, A. Fixed dystonia unresponsive to pallidal stimulation improved by motor cortex stimulation. Neurology 2007, 68, 875–876. [Google Scholar] [CrossRef] [PubMed]

	



Pauls, K.A.M.; Krauss, J.K.; Kampfer, C.E.; Kuhn, A.A.; Schrader, C.; Sudmeyer, M.; Allert, N.; Benecke, R.; Blahak, C.; Boller, J.K.; et al. Causes of failure of pallidal deep brain stimulation in cases with pre-operative diagnosis of isolated dystonia. Parkinsonism Relat. Disord. 2017, 43, 38–48. [Google Scholar] [CrossRef]

	



Batshaw, M.L.; Wachtel, R.C.; Deckel, A.W.; Whitehouse, P.J.; Moses, H., 3rd; Fochtman, L.J.; Eldridge, R. Munchausen’s syndrome simulating torsion dystonia. N. Engl. J. Med. 1985, 312, 1437–1439. [Google Scholar] [CrossRef]

	



Lempert, T.; Dieterich, M.; Huppert, D.; Brandt, T. Psychogenic disorders in neurology: Frequency and clinical spectrum. Acta Neurol. Scand. 1990, 82, 335–340. [Google Scholar] [CrossRef]

	



Burke, R.E.; Fahn, S.; Marsden, C.D.; Bressman, S.B.; Moskowitz, C.; Friedman, J. Validity and reliability of a rating scale for the primary torsion dystonias. Neurology 1985, 35, 73–77. [Google Scholar] [CrossRef]

	



Sako, W.; Goto, S.; Shimazu, H.; Murase, N.; Matsuzaki, K.; Tamura, T.; Mure, H.; Tomogane, Y.; Arita, N.; Yoshikawa, H.; et al. Bilateral deep brain stimulation of the globus pallidus internus in tardive dystonia. Mov. Disord. 2008, 23, 1929–1931. [Google Scholar] [CrossRef]

	



Sako, W.; Morigaki, R.; Mizobuchi, Y.; Tsuzuki, T.; Ima, H.; Ushio, Y.; Nagahiro, S.; Kaji, R.; Goto, S. Bilateral pallidal deep brain stimulation in primary meige syndrome. Parkinsonism Relat. Disord. 2011, 17, 123–125. [Google Scholar] [CrossRef]

	



Munts, A.G.; Koehler, P.J. How psychogenic is dystonia? Views from past to present. Brain 2010, 133, 1552–1564. [Google Scholar] [CrossRef]

	



Breakefield, X.O.; Blood, A.J.; Li, Y.; Hallett, M.; Hanson, P.I.; Standaert, D.G. The pathophysiological basis of dystonias. Nat. Rev. Neurosci. 2008, 9, 222–234. [Google Scholar] [CrossRef] [PubMed]

	



Zurowski, M.; McDonald, W.M.; Fox, S.; Marsh, L. Psychiatric comorbidities in dystonia: Emerging concepts. Mov. Disord. 2013, 28, 914–920. [Google Scholar] [CrossRef] [PubMed]

	



Fahn, S.; Williams, D.T. Psychogenic dystonia. Adv. Neurol. 1988, 50, 431–455. [Google Scholar] [PubMed]

	



Tang, J.K.; Moro, E.; Mahant, N.; Hutchison, W.D.; Lang, A.E.; Lozano, A.M.; Dostrovsky, J.O. Neuronal firing rates and patterns in the globus pallidus internus of patients with cervical dystonia differ from those with parkinson’s disease. J. Neurophysiol. 2007, 98, 720–729. [Google Scholar] [CrossRef]

	



Hutchison, W.D.; Lang, A.E.; Dostrovsky, J.O.; Lozano, A.M. Pallidal neuronal activity: Implications for models of dystonia. Ann. Neurol. 2003, 53, 480–488. [Google Scholar] [CrossRef]

	



Prescott, I.A.; Marino, R.A.; Levy, R. Field evoked potentials in the globus pallidus of non-human primates. Neurosci. Res. 2017, 120, 18–27. [Google Scholar] [CrossRef]

	



Nishibayashi, H.; Ogura, M.; Kakishita, K.; Tanaka, S.; Tachibana, Y.; Nambu, A.; Kita, H.; Itakura, T. Cortically evoked responses of human pallidal neurons recorded during stereotactic neurosurgery. Mov. Disord. 2011, 26, 469–476. [Google Scholar] [CrossRef]

	



Raz, A.; Vaadia, E.; Bergman, H. Firing patterns and correlations of spontaneous discharge of pallidal neurons in the normal and the tremulous 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine vervet model of parkinsonism. J. Neurosci. 2000, 20, 8559–8571. [Google Scholar] [CrossRef]

	



Nambu, A.; Chiken, S.; Shashidharan, P.; Nishibayashi, H.; Ogura, M.; Kakishita, K.; Tanaka, S.; Tachibana, Y.; Kita, H.; Itakura, T. Reduced pallidal output causes dystonia. Front. Syst. Neurosci. 2011, 5, 89. [Google Scholar] [CrossRef]

	



Lin, S.H.; Chen, T.Y.; Lin, S.Z.; Shyr, M.H.; Chou, Y.C.; Hsieh, W.A.; Tsai, S.T.; Chen, S.Y. Subthalamic deep brain stimulation after anesthetic inhalation in parkinson disease: A preliminary study. J. Neurosurg. 2008, 109, 238–244. [Google Scholar] [CrossRef]

	



Tsai, S.T.; Chuang, W.Y.; Kuo, C.C.; Chao, P.C.; Chen, T.Y.; Hung, H.Y.; Chen, S.Y. Dorsolateral subthalamic neuronal activity enhanced by median nerve stimulation characterizes parkinson’s disease during deep brain stimulation with general anesthesia. J. Neurosurg. 2015, 123, 1394–1400. [Google Scholar] [CrossRef] [PubMed]

	



Stahl, C.M.; Frucht, S.J. Focal task specific dystonia: A review and update. J. Neurol. 2017, 264, 1536–1541. [Google Scholar] [CrossRef] [PubMed]

	



Newby, R.; Alty, J.; Kempster, P. Functional dystonia and the borderland between neurology and psychiatry: New concepts. Mov. Disord. 2016, 31, 1777–1784. [Google Scholar] [CrossRef] [PubMed]

	



Ranawaya, R.; Riley, D.; Lang, A. Psychogenic dyskinesias in patients with organic movement disorders. Mov. Disord. 1990, 5, 127–133. [Google Scholar] [CrossRef]

	



Tippett, L.J.; Waldvogel, H.J.; Thomas, S.J.; Hogg, V.M.; van Roon-Mom, W.; Synek, B.J.; Graybiel, A.M.; Faull, R.L. Striosomes and mood dysfunction in huntington’s disease. Brain 2007, 130, 206–221. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Characteristics of patients with borderline dystonia who underwent bilateral pallidal deep brain stimulation.
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Patient 1

	
Patient 2

	
Patient 3

	
Patient 4

	
Patient 5

	
Mean ± SD






	
Age (yr) at the surgery

	
15

	
33

	
35

	
22

	
36

	
28.2 ± 9.3




	
Sex

	
F

	
F

	
F

	
F

	
M

	
-




	
Age at onset (yr)

	
13

	
25

	
32

	
20

	
34

	
24.8 ± 8.6




	
Duration of disease (yr)

	
2

	
8

	
3

	
2

	
1.5

	
3.3 ± 2.7




	
Type of dystonia

	
Generalized

	
Generalized

	
Generalized

	
Generalized

	
Hemidystonia

	
-




	
Core dystonic feature

	
a

	
a, b

	
a, b

	
b

	
a

	
-




	
Other symptoms related to the organic dystonia

	
c

	
c, d

	
c, e

	
c, e, f

	
c, e

	
-




	
Fahn-Williams criteria

	
Clinically established

	
Documented

	
Documented

	
Documented

	
Documented

	
-




	
Gupta and Lang proposed revisions

	
Clinically definite

	
Clinically definite

	
Clinically definite

	
Clinically definite

	
Clinically definite

	
-




	
Diagnosed psychiatric disturbance

	
BPD

	
Panic disorder, DD

	
DD

	
BPD

	
None

	
-




	
Therapies received before (upper column) and after (lower column) DBS

	
M, BTX, R, PT

	
M, BTX, rTMS, R

	
M, BTX, baclofen (trial), R

	
M, BTX, R, PT

	
M, BTX, R

	




	
M, BTX, baclofen (trial), R, PT, OSSCS

	
M, R

	
M, R

	
M, R, PT

	
M, BTX, R

	








SD: standard deviation, a: dystonic posture, b: dystonic movement, c: action dystonia, d: morning benefit, e: mirroring, f: overflow, BPD: borderline personality disorder, DD: dissociative disorder, DBS: deep brain stimulation, M: medications, BTX: botulinum toxin, R: rehabilitation, PT: psychotherapy, OSSCS: orthopedic selective spasticity-control surgery, rTMS: repetitive transcranial magnetic stimulation.
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Table 2. Detailed information about pallidal deep brain stimulation in patients with borderline dystonia.
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	Patient 1
	Patient 2
	Patient 3
	Patient 4
	Patient 5
	Mean ± SD





	Follow-up after surgery (months)
	55
	52
	36
	13
	9
	33.0 ± 21.4



	Implanted devices system
	Model 3387

Medtronic Activa SC
	4 contacts leads

Abbott Brio
	4 contacts leads

Abbott Brio
	Directional leads

BS Vercise Gevia
	Directional lead

BS Vercise Gevia
	-



	Stimulation parameters
	
	
	
	
	
	



	Electrode right/left
	2+1-/2+1-

bipolar
	2+1-/2+1-

bipolar
	C+2-/C+2-

monopolar
	C+1-2-3-4-/C+1-2-3-4-

monopolar
	NA/C+3-4-5-6-

monopolar
	-



	Current (mA) right/left
	1.5/3.1
	1.1/1.6
	2.3/1.9
	4.6/4.6
	-/4.8
	2.2 ± 1.6/3.2 ± 1.5



	Pulse width (μS) right/left
	120/420
	200/250
	200/150
	60/60
	/180
	110 ± 66.3/194 ± 150.3



	Frequency (Hz) right/left
	80/80
	60/60
	180/180
	130/130
	/20
	100 ± 35.6/84 ± 47.2



	BFMDRS-M (max = 120)
	
	
	
	
	
	



	Preoperatively
	70
	68.5
	59.5
	51
	45.5
	58.9 ± 10.7



	Postoperatively
	26
	0
	1
	1
	21
	9.8 ± 12.6



	Percent improvement (%)
	62.9
	100
	98.3
	98.0
	53.8
	82.6 ± 22.4



	BFMDRS-D (max = 30)
	
	
	
	
	
	



	Preoperatively
	14
	16
	13
	10
	11
	12.8 ± 2.4



	Postoperatively
	7
	0
	0
	0
	9
	3.2 ± 4.4



	Percent improvement (%)
	50.0
	100
	100
	100
	18.2
	73.6 ± 37.8







SD: standard deviation, NA: not available, BS: Boston Scientific co., BFMDRS-M, -D: Burke-Fahn-Marsden Dystonia Rating Scale-motor score, -disability score.
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Table 3. Comparison of patients with functional dystonia, tardive dystonia, and Meige syndrome.
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Type of Dystonia

	
Age (yr)

	
Duration (yr)

	
BFMDRS-M (max = 120), Mean ± S.D.

	
BFMDRS-D (max = 30) Mean ± S.D.




	
Preoperatively

	
Postoperatively

	
Percent Improvement (%)

	
Preoperatively

	
Postoperatively

	
Percent Improvement (%)






	
Functional dystonia (n = 5)

	
28.2 ± 9.3 *,††

	
3.3 ± 2.7 ††

	
58.9 ± 10.7 †

	
9.8 ± 12.6

	
82.6 ± 22.4

	
12.8 ± 2.4

	
3.2 ± 4.4

	
73.6 ± 37.8




	
Tardive dystonia [30] (n = 6)

	
44.5 ± 8.7

	
3.1 ± 2.2 ††

	
30.8 ± 22.7

	
3.8 ± 3.8

	
85.5 ± 14.4

	
9.3 ± 4.8

	
1.8 ± 1.7

	
80.2 ± 12.2




	
Meige syndrome [31] (n = 5)

	
64.6 ± 7.2

	
12.4 ± 4.2

	
22.2 ± 12.4

	
3.1 ± 1.7

	
84.2 ± 6.8

	
11.2 ± 7.9

	
1.4 ± 1.5

	
89.4 ± 8.0








BFMDRS-M or -D: Burke-Fahn-Marsden dystonia rating score-motor scale or -disability scale. * p < 0.05 vs. Tardive dystonia, † p < 0.05, †† p < 0.01 vs. Meige syndrome. One-way ANOVA followed by the Games-Howell test was used.
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