Long-term results of Deep Brain Stimulation of the Anterior Cingulate Cortex for Neuropathic Pain
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Abstract
Background - Deep Brain Stimulation of the Anterior Cingulate Cortex is a recent technique that has shown some promising short-term results in patients with chronic refractory neuropathic pain. Three years after the first case-series, we assessed its efficacy on a larger cohort, with longer follow-up.
Methods – 24 patients (19 males; 49.1 years) with neuropathic pain underwent bilateral ACC DBS. Patient reported outcome measures were collected pre- and post-surgery, using the Numerical Rating Scale (NRS), Short-Form 36 quality of life (SF-36), McGill pain (MPQ) and EuroQol-5D questionnaires.
Results – 22 patients after a trial week were fully internalized and 12 had a mean follow-up of 38.9 months. Six months post-surgery the mean NRS score dropped from 8.0 to 4.27 (P=.004). There was a significant improvement in the MPQ (mean -36%; P=.021) and EQ-5D score significantly decreased (mean -21%; P=.036). The PF domain of SF-36 was significantly improved of (mean +54.2%; P=.01). Furthermore, in 83% of these patients: at 6 months NRS was improved by 60% (P<.001) and MPQ decreased by 47% (P<.01). After 1 year, NRS decreased by 43% (P< .01), EQ-5D was significantly reduced (mean -30.8; P=.05) and significant improvements were also observed for different domains of the SF-36. At longer follow-ups, efficacy was sustained up to 42 months in some patients, with a NRS as low as 3.
Conclusions – Follow-up results confirm that ACC DBS alleviates chronic neuropathic pain refractory to pharmacotherapy and improves quality of life in a significant number of patients.
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1
INTRODUCTION

Neuropathic pain is defined by the International Association for the Study of Pain (IASP) as ”pain arising as a direct consequence of a lesion or disease affecting the somatosensory nervous system” 1. Chronic neuropathic pain generated by abnormal activity of the nervous system is particularly widespread and debilitating. In the U.S. alone, more than 116 million adults suffer from chronic pain, a condition still difficult to treat with an estimated annual cost of over $500 billion in medical treatment and loss of productivity 2-4. Deep Brain Stimulation (DBS) has been used to relieve pharmaco-resistant neuropathic pain for more than sixty years5-9. In spite of its increasing use the  mechanisms of DBS for pain are still unclear and its efficacy varies from one patient to another 6. Many brain areas have been targeted, notably the periaqueductal/periventricular gray matter (PAG/PVG) 10 and the ventral posteromedial and lateral nuclei of the sensory thalamus (VPM/VPL)11. Stimulation of these structures has been effective on the sensory component of pain12; however, pain is a complex sensation consisting of at least three components: sensory-discriminative (pain intensity), affective (pain unpleasantness) and cognitive, generating an integrated experience13. 
Not all patients respond to stimulation along the primary sensory pathways and therefore alternative targets have been sought. For instance, it may be that some patients’ pain might be improved by the stimulation of other regions such as the anterior cingulate cortex (ACC) a critical structure of the affective component14. The ACC has been shown to be involved in many motor and psychological functions15, and has also been demonstrated as playing major roles in pain16-20 and empathy 21.

Historically this part of the brain has been neurosurgically lesioned to relieve pain in terminal cancer, with the first such procedure performed in 194822. Subsequently, this technique was promoted by Ballantine in Massachusetts23. We published a review of eight studies for pain of malignant origin, mentioning variable efficacy of the procedure from 32-83%24. Bilateral anterior cingulotomy has also been used to relieve refractory pain of noncancerous origin25, 26.

Three years after assessing the first case series of ACC DBS for pain, we present here a larger cohort with long term results.
METHODS
Patients
Patients were referred by clinicians nationally to a single center multi-disciplinary team consisting of pain specialists, neuropsychologists and neurosurgeons whose clinical protocol is detailed elsewhere 6. Neuropsychological evaluation excluded psychiatric disorders and ensured minimal cognitive impairment.  A definable organic origin for pain was sought, with the patient refractory to or poorly tolerant of pharmacological treatments. In one case, the patient's pain was of unknown cause but was clearly neuropathic in character, and after careful assessment underlying psychiatric morbidity was felt extremely unlikely. Eligible patients had neuropathic pain refractory to pharmacotherapy for at least two years together with absence of surgical contraindications such as coagulopathy. Informed consent was obtained from all patients prior to surgery. Some of the patients had failed surgical treatments such as DBS of PVG/PAG and/or sensory thalamus (patients A, C, E, H, I, J, L, P and R).  For other patients, widespread, poorly localized pain (patients B, D, F, G, K, M, N, O, Q, S, T, U, V, W and X) led to ACC DBS being offered in the first instance.
Surgical Methods
Our surgical technique for deep brain stimulation has been previously described 27,28. Briefly, a stereotactic frame was applied to the patient’s head and a CT scan was performed then fused with a preoperatively obtained MRI and used to calculate target coordinates and lead trajectory. The ACC target used was 20mm posterior to the anterior tip of the frontal horns of the lateral ventricles (Figure1). The contacts were mostly in the cingulum bundle white matter, with the deepest contact in the corpus callosum. The lead was a Medtronic model 3387 depth lead (Medtronic Inc., Minneapolis, USA). A post-operative CT scan, fused to the pre-operative MRI, confirmed electrode position. Leads were externalized via temporary extensions. The implanted pulse generator (IPG) was introduced under the skin of the patient’s upper chest after a one-week trial period of stimulation on the ward.


Pain assessments
[bookmark: SECX3]Pain and health-related quality of life measures were assessed before surgery and during follow-up.  The Numerical Rating Scale (NRS) and McGill pain questionnaire (MPQ) were used29. The NRS extends from `no pain’ (0) to `the worst pain you can imagine’ (10), and the MPQ gives additional qualitative information in domains of ‘sensory’, ‘affective’, ‘evaluative’ and ‘miscellaneous’ pain severity.  Patients recorded their NRS scores during their good, bad, and average days; pre-surgery and post-surgery. The NRS scores were reviewed to ensure consistency and the mean was then calculated. The MPQ was also completed before and after surgery and analyzed using the ranked pain rating index (PRI(R))29.
Patients also completed short-form 36 (SF-36®) and Euroqol 5 domain (EQ-5D) quality of life questionnaires alongside the pain questionnaires. SF-36® responses were regrouped into 8 domains of physical functioning (PF), role - physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role - emotional (RE), and mental health (MH). Results were scored using online tools30. Norm-based scores allowed comparison between studies. The SF-36® scale ranged from a score of 0, an extreme of dysfunction or symptom severity, to 100, optimal function. The health state of patients was evaluated by EQ-5D. Its two sections evaluate firstly the health state in five dimensions (mobility, self-care, usual activities, pain and anxiety) and secondly on a ‘health’ NRS, with 0 being the worst state they can imagine and 100 the best. EQ-5D scores were calculated as detailed elsewhere31.
As pain assessments were repeated measures throughout the follow-up, pre- and postoperative scores were compared using a general linear mixed model, with a P value of <.05 taken as statistically significant.

Neuropsychometry
Complete pre- and post-operative psychometric assessment data was available for eight out of the twenty four patients featured in this paper (G, M, N, O, Q, R, T, and U).  Assessment 1 was completed as a baseline measure prior to surgery and assessment 2 was completed on average 21.88 months following surgery (range 7 – 58 months, SD = 15.90).  Patients’ scores were standardized according to normative data provided for each test.  In line with standard neuropsychological practice, pre- and post-operative score differences of between 1 and 2 standard deviations were regarded as indicative of mild change and differences of more than 2 standard deviations as indicative of significant change.  The assessment battery covered the following cognitive domains:
· Reasoning: Wechsler Adult Intelligence Scale - Revised 32/ Wechsler Adult Intelligence Scale-IV (WAIS-IV; 33) Matrix Reasoning and Similarities subtests
· Verbal memory: Adult Memory and Information Processing Battery  List & Story Learning Tasks 34/ California Verbal Learning Test-II 35 & Wechsler Memory Scale-IV (WMS-IV; 36) Logical Memory I & II
· Visual memory: Rey Complex Figure Recall
· Visuospatial processing: Rey Complex Figure Copy 37; Visual Object and Space Perception Battery 38 Screening, Dot Counting and Position Discrimination subtests.
· Attention and executive function: WAIS-IV Digit Span subtest; Letter fluency 39; Delis-Kaplan Executive Function System 40 Colour-Word Interference subtest / The Stroop Task 41
· Psychomotor speed: Symbol Digit Modalities Test 42
· Semantic fluency: Category Fluency 39
· Mood: Hospital Anxiety and Depression Scale 43

Stimulation settings
Before implantation of the pulse generator, the effect of stimulation was trialed for a week with the following settings: 4 to 6.5 V, 130 Hz and 450 µs. The deepest contact was used as the cathode, and the most superficial as the anode.

Results
Patients
As presented in Figure 2, 24 patients were treated: 19 males and 5 females, with a mean age of 49.1 years [21-72]. Pain etiologies included failed back surgery syndrome (6 patients), post stroke pain (9 patients), brachial plexus injury (3 patients), spinal cord injury (2 patients), head injury (1 patient), road traffic accident (2 patients), and pain of unknown cause (1 patient). Pain was located in the whole body (4 patients), hemi-body (6 patients), back (3 patients), chest (2 patients), arms/hands (7 patients), or legs/feet (3 patients). The overall mean NRS score was 8.2 (range 5-10) before surgery.
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Figure 2: Patients Demographic Characteristics and Preoperative Pain Data
NRS: Numerical Rating Scale
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Table 1 (supplemental data): Patients Demographic Characteristics and Preoperative Pain Data
RTA, Road Traffic Accident; FBSS, Failed Back Surgery Syndrome; SCI, Spinal Cord Injury; PVG, Peri-Ventricular Grey area; VPL, Ventral Postero-Lateral nucleus of the thalamus.
Outcome
Of the 24 patients treated, 22 (91.6%) went on to full implantation after the trial week. Only patients D and L were not fully implanted as they did not report any pain relief during the trial week. Among the fully implanted patients, 10 patients, mostly from the earliest cohort, did not have follow up data for the following reasons; DBS removed for infection (C, F, H, W); diminished pain relief after a trial period comprised between 6 and 25 months (J, I, A); further strokes rendering the implant ineffective, and two refused to participate in the study (S, X).


Mean follow-up time was 38.9 months (range 24-65) for the 12 patients whose results were included for analysis. Table 2 summarizes their pain and quality-of-life.

[image: ]
Table 2: Pre- and postoperative data: individual pain assessment scores of each patient preoperatively and throughout follow-up
NRS, Numerical Rating Scale; Misc., miscellaneous; MPQ, McGill Pain Questionnaire; PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role emotional; MH, mental health; Health State self-reported preoperatively and at follow-up. N/A, not available. Scores in grey font are scores when stimulator is OFF.
Pain relief
As shown in Figure 3, six months post-surgery, mean NRS dropped significantly from 8 (range 5-10) to 4.3 (mean -45%, range -25% to +100%, P = .004). A significant improvement of MPQ was observed (mean -36%, range -26% to +100%, P = .021), and particularly on the evaluative component (mean -62%, range +0% to +100%, P < .001). Moreover, EQ-5D scores significantly decreased (mean -21%, range +0% to +71%, P = .036). 
A statistically significant improvement of the PF domain of SF-36 quality of life survey was observed (mean +54.2%, range -8% to +227%, P = .01).
Among the 12 patients with available follow-up data, 10 patients (83.3%) reported substantial pain relief (all but patients M and P). In these patients, NRS was improved by 60.3% at 6 months (range, 0% to -100%; P < .001) and by 43.4% at 1 year (range, -11% to -100%; P < .01). MPQ total score decreased by 46.5% at 6 months (range, +19% to -100%; P < .01), particularly the Evaluative subscore at 6 months (mean -65%; range, 0% to -100%; P <0.001) and 1 year (mean -46.7%; range, -20% to -100%; P = .017) and the Miscellaneous subscore (mean -58.6%; range, -20% to -100%; P = .014) subscores. Statistically significant improvements were also observed for the PF (Physical Functioning) at 6 months  and the BP (bodily pain) domains of the SF-36 quality of life survey 1 year post-operatively: mean +59 (range, 0% to 227%; P = .035) and mean +61% (range, 14% to 163%; P = .014), respectively. EQ-5D score was also significantly reduced after 1 year (mean -30.8; range, 0 to -83%; P = .05). At longer follow-up there was some loss of efficacy. Nevertheless, pain relief was sustained up to 24 months (patient K), 36 months (patient V) and 42 months (patient Q), with a NRS score as low as 3. Furthermore, in two patients stimulation had to be turned OFF because of seizure occurrence despite pain relief.
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Figure 3: Anterior cingulate cortex DBS Patients’ outcomes
A. NRS (Numerical Rating Scale), B. SF-36 (Short-Form-36), C. MPQ (McGill Pain Questionnaire), D. EQ-5D (EuroQol questionnaire), E. Health State self-reported, before (pre-op) and after surgery (from 5 to 36 months post-surgery).


Aetiologies
Figure 4 shows patients’ distribution according to their pain aetiology. Only FBSS and Stroke groups had enough patients with available follow-up to run reliable analyses and statistics. FBSS patients’ mean NRS significantly dropped from 8.7 to 4.4 (p=0.025) 6 months post-operatively. The Evaluative and Miscellaneous components of the MPQ score, were significantly improved at 6 months and 1 year respectively, decreasing from 4.6 to 1.8 (p=0.02) and 7.8 to 1.3 (p=0.008). One year post-operatively, the MPQ total score went from 34.2 to 14.3 (p=0.063) and the EQ-5D from 6.4 to 3.7 (p=0.061). Regarding the Stroke patients, MPQ Total score 39.4 to 34.0 (p=0.028) 6 months after surgery.
Comparing both groups, the FBSS one was significantly better than the Stroke one for 3 subscores of the SF-36 test, namely BP (p=0.032), VT (p=0.032) and MH (p=0.016) with SF-36 total scores being respectively 300.8 and 217.9 (p=0.063).
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Figure 4: Patients’ aetiology and post-operative data
NRS, Numerical Rating Scale; FBSS, Failed Back Surgery Syndrome; SCI, Spinal Cord Injury; BPI, Brachial Plexus Injury

Affective component of pain
As previously reported28, several patients describe the ACC DBS induced pain relief as a decrease of the perceived unpleasantness of pain, more than a reduction of the sensation itself. They described their pain as being separate to them and stated that when the stimulator is on, their pain is “not distressing”, "not particularly bothersome" or again "not worrying anymore".
Cognitive Outcomes following Surgery
Patients’ cognitive outcome are summarized in Table 3. No consistent pattern of decline or improvement emerged from comparison of individual patient’s pre and post-operative test scores.  For the majority of patients their postoperative test scores were consistent with those obtained during preoperative testing.  It was remarkable that a number of patients presented with improvements in selected aspects of cognitive function.  For example, patient O’s and T’s verbal memory scores were stronger following surgery.  Patients G, O and U demonstrated improved performance on the Stroop task (a measure of verbal inhibition) whilst M and R achieved stronger semantic fluency scores.  Based on a review of SF-36 scores and of clinical history taken at postoperative assessment, there did not appear to be any association between changes (positive or negative) in cognitive function and quality of life.
Side-effects
Despite the efficacy in pain relief, recurrent stereotyped events occurred in several patients on long term follow up (Figure 4). Following review of medical notes and telephone interviews using a validated questionnaire, 6 patients were identified to have suffered recurrent stereotyped events suggestive of seizures. In one, events were felt to relate to alcohol withdrawal, and specialist review was declined by the patient. In another, events had ceased following explantation (following infection), and follow up has been declined by the patient. Four patients were identified to be suffering ongoing events, and assessed by DBS Neurology service with clinical evaluation and EEG video telemetry in 2015. Two patients had stimulation induced seizures, ceasing with cessation of stimulation and resultant loss of pain relief. Nevertheless, 2 patients developed de novo stimulation induced epilepsy (seizures continue despite cessation of stimulation). This phenomenon, unseen before with DBS, but observed with anterior cingulotomy26, is under investigation. 



	Patient
	Time to Post ACC DBS Testing
	Reasoning
	Verbal Memory
	Visual Memory
	Visuospatial
	Attention  / Executive Function
	Psychomotor Speed
	Semantic Fluency
	Mood

	G
	54
	
	
	
	
	↓(FAS) 
↑ (stroop)
	
	
	

	M
	7
	
	
	
	
	↓↓ (stroop)
	↓
	↑
	

	N
	15
	
	
	
	
	
	
	
	↑↑

	O
	23
	
	↑
	
	
	↑ (stroop)
	
	↓
	

	Q
	12
	↑
	
	
	
	
	↓
	↓
	

	R
	37
	
	
	
	
	↑ (FAS)
	↑↑
	↑
	

	T
	13
	
	↑
	
	
	
	
	
	

	U
	14
	
	
	↑↑
	
	↑↑ (stroop)
	
	↓
	

	Overall ↓
	0/8
	0/8
	0/8
	0/8
	1/8 Stroop
1/8 FAS
	2/8
	3/8
	0/8

	Overall ↑
	1/8
	2/8
	1/8
	0/8
	3/8 Stroop
1/8 FAS
	1/8
	2/8
	1/8


Table 3.  Summary of neuropsychological outcomes following surgery.  ↑ = mild improvement; ↑↑ = significant improvement; ↓ = mild decline; ↓↓ = significant decline.

Discussion
Background and rationale
Chronic pain is an integrated experience, with sensory, affective, and cognitive aspects. The Anterior Cingulate Cortex (ACC) has been demonstrated to be a key structure of the affective component14. 
Anatomically, the ACC is part of the cingulate gyrus and consists of Brodmann’s areas 24, 25, 32 and 33. Electrodes of this case-series were implanted in Brodmann’s area 24 (dACC). It contains a prominent layer V and a thin layer IV. Several tracts connect the ACC to the limbic system (amygdala, insula, hypothalamus, ventral striatum and ventromedial prefrontal cortex), to the motor system (premotor and motor cortices, spinal cord) and to cognition involved areas (cingulate motor areas in the cingulate sulcus and nociceptive cortex)15. It receives thalamic inputs from the midline nuclei (anteromedial, paraventricular, parataenial, paracentral, central and centrolateral, reuniens, parafascicular, limitans, mediodorsal, and ventral anterior nuclei).
Even though they are part of the same structure, the Anterior and Posterior Cingulate Cortex (PCC) present very different cytoarchitectures, connections, and functions. A dichotomy of the cingulate gyrus has been proposed by Vogt 20. 
As part of the brain’s limbic system44, lesions in the ACC are known to induce emotional instability, apathy, and akinetic mutism45, due to its role in many emotional, cognitive and motor functions15, 45-47. Many studies in animals also demonstrate the role played by ACC in pain 48-51.  The obvious link between ACC and pain led Foltz and White to perform cingulate lesions by electrocoagulation to relieve intractable pain23, 25. They described the effect of cingulotomy as following:
‘The perception of pain as such does not appear to be modified, but the patient’s total reaction to pain and the threat to existence that it represents is modified markedly. Most of the patients stated that they continued to have pain but it was ‘not particularly bothersome,’ ‘doesn’t worry me…’ 25. 
Similarly, as previously mentioned in our first case-series paper, some patients described that they felt as if their pain was separate from them physically and that they did not think about it anymore, although they could still sense it28.
A question arises: is the effect of cingulotomy on responses to noxious stimuli due to disruption of axons of passage? Positron emission tomography (PET) and fMRI studies showed activation of the ACC in acute or chronic painful situations52-55 Interestingly, PET and magnetoencephalography (MEG) studies  showed  activity in the rostral and dorsal ACC on pain patients treated using PAG, thalamic or dual PAG and VP DBS56-58.  More recently, we presented long-term changes in ACC activity in addition to PAG activation with ACC DBS59.
The rationale for stimulating the ACC in the case-series presented here arises both from the above cited neuroimaging studies and from historical series of cingulotomy to relieve cancer pain.  In 2007 Spooner and colleagues reported the first dorsal ACC DBS to relieve a patient with cervical spinal cord injury suffering from whole body pain, but no long-term follow-up was recorded as the patient died one year post-surgery60 .
Neuromodulation of the ACC and surrounding areas has been performed to treat other disorders, primarily psychiatric and affective ones. The subcallosal cingulate was targeted for OCD and depression61, 62, and DBS of the anterior limb of internal capsule (ALIC) was FDA approved for OCD. Furthermore, in central post stroke pain, the stimulation of the ALIC/Nucleus Accumbens has been described as a potential target for the affective component63. 
In our case-series, electrodes were implanted mostly in the white matter, 20 mm posterior to the anterior tip of the frontal horns of the lateral ventricles, with the deepest contacts in the corpus callosum and the upper electrodes in the cingulum bundle. Our patients preferred stimulation settings with the deepest contacts as active during the trial week where many settings were tried, suggesting a role of the corpus callosum in the relief of pain. Another interesting observation was that it usually took a few days for any clinical improvement to be observed in this cohort, in contrast with PAG or VP DBS where the relief was achieved instantaneously6. With increased experience patient selection tended towards those without particular pain localization, such as stroke pain patients and those with significantly impaired quality of life. 
The variability of efficacy between patients, led to a tractography study to investigate the difference in connectivity between good and bad outcome patients, and found on a small cohort in whom strong connectivity to the precuneus was correlated with an unsuccessful outcome64. This result, if confirmed on a larger cohort, may help in defining the best electrode placement in future patients.
Analysis of neuropsychometric data did not identify any consistent patterns of cognitive change following ACC DBS. There was some variability between patients, with some demonstrating improvements in areas such as verbal memory or executive function, yet others demonstrating declines in category fluency or psychomotor speed.  Previous reports had indicated that DBS may be associated with reductions in letter and semantic fluency (Gray et al) yet but this effect was not observed here.  It was notable that two patients demonstrated improvements in verbal fluency.  Consistent with the Gray et al. study cognitive changes did not appear to have had an appreciable impact on quality of life.   

Evaluation of pain relief
Pain has a major impact on patients’ life inducing disability, employment issues as well as social and family isolation. Evaluating patients’ psychological factors and quality of life is therefore more informative than the NRS to estimate the benefits of DBS. Improvement of quality of life induced by a reduction of pain was previously shown by Gray et al. in a longitudinal study investigating DBS for neuropathic pain65. Stimulation of conventional targets of DBS for pain e.g. thalamus and PVG reduces the intensity of pain. In contrast, stimulating the ACC aims to decrease its affective component and most of the patients accordingly stated they continued to have pain but it was "not distressing," "not particularly bothersome," "not worrying anymore," etc. Yet, pain assessments fail at adequately measuring this effect on the affective component. Pain is a very personal experience, and every patient is different, but standard pain assessments are not ideal to describe or measure the pain intensity or the way it is sensed. For instance, when asking to rank their pain for the NRS, some patients may take into account the pain intensity, and some other ones the induced distress only. Also, there is a substantial difference between the results of the assessment forms and what patients verbally report to clinicians. This may result from several factors notably the difference between what patients feel, what they say during clinical appointments, and what they write while on their own. Fear of losing their disability benefits may lead to some filling their forms inaccurately, ranking their pain and quality of life much worse than in reality. Some others may feel that they do not want to disappoint the care team and pretend that the surgery was more effective than in reality, yet feel free to report it more accurately in the forms. Moreover, each patient’s experience of pain is different and averaging scores may not reflect the effectiveness of the procedure. In the initial case-series, as we had fewer patients, we decided to present individual results, with each patient as a case-report. 

Key results
All patients but two transitioned from externalized to fully internalized systems. Mean pre-surgery pain as reported on the NRS was 8 and dropped below 4 for six patients, with two patients rendered pain free. A significant improvement in quality of life (MPQ and EQ-5D) was observed. Moreover, statistically significant improvements were gained in some domains of SF-36 quality of life. Long-term efficacy was sustained up to 42 months in some patients.

Conclusion
Patients tend to describe that some pain is still present, but that it is less bothersome. Consequently, little or no improvement of the pain NRS score does not necessarily equate to poor therapeutic efficacy. Furthermore, as the primary effect is not pain alleviation, patient satisfaction may appear lower. Nevertheless, a demonstrably improved performance in quality of life was seen in this cohort. 
The main limitations are those of an open-label study and randomization would be desirable, as described in the recent study protocol of DBS for thalamic pain syndrome12. Moreover, pain assessments targeting the affective component of pain may be preferable to evaluate improvements. Patients of this study were patients suffering from intractable pain that prevented them from living a normal life. DBS of the Anterior Cingulate Cortex improved quality of life, by lessening the impact of pain upon them. We demonstrate here that DBS of the ACC can significantly alleviate the suffering of patients with otherwise treatment resistant chronic pain. This provides a promising avenue for patients for whom other treatments including PAG and VP DBS are ineffective8.   However, long term stimulation does appear to have an increased risk of seizures/epilepsy which may relate to the pattern of stimulation which is subject to current investigation.
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Figures legends
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Figure1: Views of bilateral electrodes in the Anterior Cingulate Cortex.
A. Preoperative trajectory planning. B. Coronal view on a post-operative fused MR/CT images. C. Sagittal view on a post-operative fused MR/CT images.
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Figure 3: Anterior cingulate cortex DBS Patients’ outcomes
A. NRS (Numerical Rating Scale), B. SF-36 (Short-Form-36), C. MPQ (McGill Pain Questionnaire), D. EQ-5D (EuroQol questionnaire), E. Health State self-reported, before (pre-op) and after surgery (from 5 to 36 months post-surgery). 
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