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Abstract

:

Objectives: our group explored the correlation between postoperative coordinates of the electrode contacts, VTA, and anxiety and depression symptoms in Parkinson’s disease (PD) patients after subthalamic nucleus deep brain stimulation (STN-DBS). Methods: STN-DBS was conducted on PD patients (n = 57) for six months with follow-up. Clinical outcomes were explored using the unified Parkinson’s disease rating scale Part III (UPDRS-III), the Hamilton Anxiety Rating Scale (HAM-A), and the Hamilton Depression Rating Scale (HAM-D) before and after surgery. At the Montreal Neurological Institute (MNI), the location of active contacts and the volume of tissue activated (VTA) were calculated. Results: patient evaluations took place preoperatively and follow-ups took place at 1 month, 3 months, and 6 months. The average patient improvement rates for HAM-A and HAM-D scores at the 6-month follow-up were 41.7% [interquartile range (IQR) 34.9%] and 37.5% (IQR 33.4%), respectively (both p < 0.001). In medication-off, there were negative correlations between the HAM-A improvement rate and the Z-axis coordinate of the active contact (left side: r = −0.308, p = 0.020; right side: r = −0.390, p = 0.003), and negative correlations between the HAM-D improvement rate and the Z-axis coordinate of the active contact (left side: r = −0.345, p = 0.009; right side: r = −0.521, p = 0.001). There were positive correlations between the HAM-A and HAM-D scores improvement rate at 6 months after surgery and bilateral VTA in the right STN limbic subregion (HAM-A: r = 0.314, p = 0.018; HAM-D: r = 0.321, p = 0.015). Conclusion: bilateral STN-DBS can improve anxiety and depression symptoms in PD patients. The closer the stimulation to the ventral limbic region of the STN, the more significant the improvement in anxiety and depression symptoms of PD patients.
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1. Introduction


Parkinson’s disease (PD) is a degenerative movement disorder. Deep brain stimulation (DBS) can significantly improve motor symptoms such as tremors in advanced PD patients [1]. Anxiety and depression are very common in PD patients, having a more serious impact on the quality of life compared with motor symptoms. However, the effect of DBS on anxiety and depression in PD patients is unclear. Some previous studies have suggested that DBS can improve anxiety and depression in PD patients [2], whereas others have found the opposite [3]. The most important factors for DBS to improve motor symptoms are accurate electrode implantation and effective postoperative programming. Therefore, the coordinates of the electrode contacts and the volume of tissue activated (VTA) produced by stimulation are critical [4]. The purpose of this study is to analyze the correlation between the improvement rate of anxiety and depression symptoms, the coordinates of the electrode contacts, and volume of tissue activated (VTA).




2. Materials and Methods


PD patients (n = 57) with STN-DBS were recruited by our group at the First Affiliated Hospital of Hebei Medical University, the Beijing Tiantan Hospital, and Ningxia Medical University General Hospital between March 2018 and December 2018. We persisted in the tenets of the 1964 Declaration of Helsinki throughout this research.



2.1. Patient Selection


Patients diagnosed with advanced PD according to the UK Parkinson’s Disease Society Brain Bank diagnostic criteria [5] with STN-DBS were selected for inclusion in this study based on evaluation criteria for surgical treatment of PD [6]. Exclusion criteria were severe cognitive impairment, dementia, or psychosis, severe depression (the Hamilton Depression Rating Scale (HAM-D) scores > 29), and severe anxiety (the Hamilton Anxiety Rating Scale (HAM-A) scores ≥ 29). We also excluded those receiving pharmaceutical treatment for their depression or anxiety. We used an acute levodopa challenge test to assess dopaminergic responsiveness and predict the postoperative efficacy of STN-DBS. A predicted improvement rate of >30% was considered an indication for surgery.




2.2. Clinical Evaluation


Motor outcomes were assessed using the UPDRS-Ⅲ. Anxiety outcomes were assessed using the HAM-A (14 parts). Depression outcomes were assessed using the HAM-D (24 parts). Quality of life (QOL) was assessed using the 39-item Parkinson’s Disease Questionnaire (PDQ-39). All symptoms of anxiety and depression were assessed both pre- and postoperatively. Postoperative HAM-A scores improvement rate (%) = (preoperative HAM-A scores − postoperative HAM-A scores)/preoperative HAM-A scores × 100%. Postoperative HAM-D scores improvement rate (%) = (preoperative HAM-D scores − postoperative HAM-D scores)/preoperative HAM-D scores × 100%.




2.3. Surgical Procedures


Surgical implantation of the STN-DBS was performed on all patients in this study. In the early morning of surgery, we first fitted the patient with a Leksell stereotactic frame. A framed craniocerebral CT scan was then performed, and CT images were fused with MRI images. The coordinates and entry trajectory of the STN were determined based on the fused image. Electrodes were implanted bilaterally with STN under local anesthesia. Microelectrode recording (MER) was performed intraoperatively. Macrostimulation was used to revalidate target accuracy and side effects. The implantable pulse generator (IPG) was implanted on the same date under general anesthesia. A craniocerebral CT scan was performed immediately after the operation to exclude cerebral hemorrhage, and then the postoperative CT image was fused with the preoperative MR image to determine the position of the electrode.




2.4. Postoperative Programming


We turned on the implantable pulse generator (IPG) one month after DBS and performed postoperative programming [7]. We tested all contacts on the electrodes and ultimately chose the best stimulation contacts, which showed the best improvement in patients’ symptoms and the least side effects. At a later date after surgery, parameters were remotely adjusted according to clinical symptoms. The DBS system can provide remote program control for the follow-up of postoperative patients [8]. We first programmed each patient with stimulation parameters: voltage, 1.5–2.0 V; frequency, 130 Hz; pulse width, 60 ms.




2.5. The Coordinates of the Contacts and VTA


The locations of active contacts in STN were located with Lead-DBS software [7,9]. Normalization to the MNI space (Montreal Neurological Institute), and the VTA of STN were calculated in MNI defined by the DISTAL atlas [10,11].




2.6. Statistical Analyses


Statistical analysis was performed using SPSS (version 25.0, IBM Corp., Armonk, NY, USA). Raw normally distributed data are reported as mean ± standard deviation (SD). Raw non-normally distributed data are reported as median (M) and interquartile range (IQR). The Friedman test is used for non-normally distributed data. The Pearson correlation analysis was used postoperatively for the anxiety–depression improvement rate and the coordinates of the contacts, VTA. The statistical significance threshold was fixed at p < 0.05.





3. Results


3.1. Patient General Outcomes


PD patients (n = 57): 34 males; 23 females. The LEDD ranged 125–1625 mg/d, the average was 866.3 ± 357.0 mg/d before surgery.




3.2. Clinical Outcomes


The preoperative improvement rate of UPDRS-Ⅲ scores was 55.4 ± 18.9% (p < 0.001), and the reduction rate of LEDD was 40.1 ± 24.3% (p < 0.001) in medication-off at the 6-month follow-up. Our comparisons between preoperative and postoperative evaluations are summarized in Table 1 and Figure 1. The improvement rates of HAM-A scores at 1, 3, and 6 months were 23.5% (IQR 34.9%), 33.3% (IQR 30.9%), and 41.7% (IQR 34.9%), respectively (all p < 0.001). The improvement rates of HAM-D scores at 1, 3, and 6 months were 20.0% (IQR 33.3%), 31.0% (IQR 32.7%), and 37.5% (IQR 33.4%), respectively (all p < 0.001).




3.3. Correlation Analysis between the HAM-A, HAM-D Scores Improvement Rate and the Location of Active Contacts


The mean coordinates of active contacts in MNI: left: X = (−11.5 ± 1.1) mm; Y = (−13.5 ± 1.4) mm; Z = (−8.2 ± 1.0) mm; right: X = (12.0 ± 1.1) mm; Y = (−13.5 ± 1.3) mm; Z = (−8.3 ± 1.5) mm. In medication-off there were negative correlations between the HAM-A scores improvement rate and the Z-axis coordinate of the active contact in MNI (left side: r = −0.308, p = 0.020; right side: r = −0.390, p = 0.003) and there were negative correlations between the HAM-D scores improvement rate and the Z-axis coordinate of the active contact in MNI (left side: r = −0.345, p = 0.009; right side: r = −0.521, p = 0.001) (Table 2). This reveals that the closer the stimulus is to the ventral limbic STN, the higher the improvement of anxiety and depression symptoms in PD patients (Table 2 and Figure 2 and Figure 3).



We selected 2 out of 57 PD patients for anxiety symptoms analysis (blue and red dots patients) (Figure 2A,B and Figure 3A,B). We first analyzed the blue dot patient, located at MNI, the coordinates of electrode active contact: left: x = −11.64 mm, y = −14.97 mm, z = −7.88 mm; right: x = 12.70 mm, y = −14.60 mm, z = −6.63 mm. The HAM-A improvement rate was 9.09%. In contrast, the coordinates of electrode-active contact of the red dot patient: left: x = −11.39 mm, y = −13.20 mm, z = −9.60 mm; right: x = 12.08 mm, y = −13.61 mm, z = −9.89 mm. The HAM-A improvement rate showed the higher improvement rate (78.26%). This reveals that the closer the stimulus is to the ventral limbic STN, the higher the improvement of anxiety symptoms in PD patients.



Similarly, we selected 2 out of 57 PD patients for depression symptoms analysis (blue and red dot patients) (Figure 2C,D and Figure 3C,D). We first analyzed the blue dot patient, located at MNI, the coordinates of electrode active contact: left: x = −11.64 mm, y = −14.97 mm, z = −7.88 mm; right: x = 12.70 mm, y = −14.60 mm, z = −6.63 mm. The HAM-D improvement rate was 0%. In contrast, for the red dot patient, the coordinates of electrode active contact: left: x = −12.21 mm, y = −14.17 mm, z = −9.43 mm; right: x = 12.14 mm, y = −14.89 mm, z = −9.62 mm. The HAM-D improvement rate was higher (66.67%). This reveals that the closer the stimulus is to the ventral limbic STN, the higher the improvement of depression symptoms in PD patients.




3.4. Correlation Analysis between the HAM-A, HAM-D Scores Improvement Rate and the VTAs


The VTAs in the STN limbic subregion in the MNI space were: left: 14.7 (8.2) mm3; right: 14.3 (9.0) m3. There were positive correlations between the HAM-A and HAM-D scores improvement rate and the VTAs in the right STN limbic subregion (HAM-A: r = 0.314, p = 0.018; HAM-D: r = 0.321, p = 0.015) (see Table 3 and Figure 2E,F).



We selected 2 out of 57 PD patients for anxiety symptoms analysis (blue and red dot patients) (Figure 3A,B and Figure 4). For the red dot patient (Figure 3A,B), the VTA in the right STN limbic subregion was 19.29 mm3, and the HAM-A improvement rate was 87.50% (Figure 4A,B). In contrast, for the blue dot patient (Figure 3A,B), the VTA in the right STN limbic subregion was 3.01 mm3, and the HAM-A improvement rate was 9.09% (Figure 4C,D). This reveals that the higher the VTA in the right STN limbic subregion, the higher the improvement of anxiety symptoms in PD patients.





4. Discussion


Depression is very common in PD patients. About 40–50% of PD patients have depression, with 5–10% developing severe depression [12]. The reported effects of DBS on depression vary widely. Some studies suggest that DBS can aggravate depressive symptoms [3], arguing that the stimulation of brain regions involved in behavior can induce a range of disorders, of which depression and anxiety are symptoms [13]. Others have reported significant improvements in depressive symptoms resulting from DBS [14]. In our finding, the HAM-D scores improvement rate was 37.5% (IQR 33.4%, p < 0.001) 6 months after the operation. Although we excluded patients with severe depression, our patients with mild and moderate depression showed significant symptomatic improvements after undergoing STN-DBS. None of the patients in our cohort were receiving pharmacological treatment for anxiety or depression. It has been posited that depressive symptoms may have multiple causes, including the degeneration of the substantia nigra striatum, as well as psychological and environmental factors. Stimulation of STN-DBS electrode and reduction in levodopa after operation may have some causative influence on the increase in depressive symptoms [15,16]. However, we did not observe any exacerbation of depression following STN-DBS in our study. Anxiety is also a frequent secondary symptom of PD, affecting about 40% of PD patients [12]. Previous studies have reported significant improvements in anxiety after STN-DBS [17], which was also supported by our study. We saw an improvement rate in HAM-A scores of 41.7% (IQR 34.9%, p < 0.001) at 6-month follow-ups. The improvement of depression after STN-DBS may be related to a number of factors. Neurostimulation of DBS increases dopamine levels in the brain [18], and dopamine is closely related to happiness and well-being. DBS may improve the metabolism of neuronal cells, reduce the hyperresponsiveness of cells, increase the euphoria in PD patients, regulate the related transmitters that trigger depression, change the concentration of inflammatory mediators, and regulate the excitability of astrocytes. It can improve the depressive symptoms of PD patients [19]. Moreover, DBS treatment can improve the movement disorder by inhibiting the frontal lobe, and the patient’s mood and neurological function will also improve after the movement disorder is improved. It is therefore extremely important to assess depressive symptoms multiple times in the perioperative period. GPi targets can be tried in patients with PD and severe depressive symptoms.



Frontal loops are also known as coordination loops. The frontal circuit is involved in cognition, emotion, and behavior [20]. STN can be anatomically divided into three functional subregions [20]: a dorsolateral motor region, an intra-ventral coordination region, and a medial limbic region. These are associated with movement, coordination, and emotion, respectively. On the other hand, many research results show that the basal ganglia are an integral part of the cognitive and emotional circuits of the brain [21,22]. Moreover, the more the electrode contact stimulation is to the ventral side of STN, the better the improvement of anxiety and depression symptoms [23]. According to the functional partition of STN, the STN limbic subregion is ventral medial to the subthalamic nucleus [24], and DBS stimulation of this region may modulate the limbic circuit of the brain, thereby improving neuropsychiatric symptoms such as anxiety and depression to a greater extent. A study showed that [25] neurostimulation had better results in the ventral STN than dorsal STN for anxiety [26], the reason being that the limbic subregion in the functional partition of STN is located in the ventral subregions of STN [22]. In our study at MNI, the HAM-A and HAM-D improvement rate was negatively correlated with the Z-axis coordinate of the active contact. This indicates that the closer to the ventral limbic STN, the higher the HAM-A, HAM-D improvement rate. Therefore, the higher the improvement of anxiety and depression symptoms in PD patients. The more the VTA in the right STN limbic subregion, the higher the HAM-A and HAM-D improvement rate. This study is similar to previous reports [23]. We think that the improvement of anxiety and depression in PD patients after STN-DBS treatment was associated with stimulation of the ventral STN. Furthermore, we infer that there is no obvious boundary between the subregions of STN; subregions of STN are not strictly anatomic subregions, they have functional overlaps. Despite the statistical significance, there is still a fair bit of scatter in Figure 2. Clearly, the impact of stimulation on mood is complicated, and there are likely a number of confounds not accounted for in terms of region of stimulation and impact on mood. Some studies have shown that DBS can worsen symptoms of anxiety and depression in patients with PD [3], however, our study came to the opposite conclusion that bilateral STN-DBS can improve anxiety and depression symptoms in PD patients, cautioning that further scrutiny is still merited, particularly in patients who have underlying mood disorders.



Limitations


This study had three main limitations. Firstly, the evaluation tools used (the HAM-A and HAM-D questionnaires) allow a certain degree of subjectivity both in the evaluation of patient anxiety and depression and in the interpretation of the associated scales. This may cause different assessors to obtain different results. Secondly, the final postoperative follow-up was at 6 months, so we were unable to assess the long-range impacts of DBS on anxiety and depression.





5. Conclusions


Bilateral STN-DBS can improve anxiety and depression symptoms in PD patients. The closer the stimulation is to the ventral limbic region of the STN, the more significant the improvement in anxiety and depression symptoms in PD patients.
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Figure 1. Comparison of preoperative and postoperative HAM-A and HAM-D scores: (A) HAM-A scores were improved by 23.5% (IQR 34.9%), 33.3% (IQR 30.9%), and 41.7% (IQR 34.9%) at 1, 3, and 6 months follow-up, respectively. (B) HAM-D scores were improved by 20.0% (IQR 33.3%), 31.0% (IQR 32.7%), and 37.5% (IQR 33.4%) at 1, 3, and 6 months follow-up, respectively. ** p < 0.001; Baseline = preoperative; FU1 = follow-up 1 month after surgery; FU2 = follow-up 3 months after surgery; FU3 = follow-up 6 months after surgery. 
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Figure 2. (A,B) Correlation analysis between the HAM-A scores improvement rate and the Z-axis coordinate. (C,D) Correlation analysis between the HAM-D scores improvement rate and the Z-axis coordinate. (E) Correlation analysis between the HAM-A scores improvement rate and the VTA of limbic STN. (F) Correlation analysis between the HAM-D scores improvement rate and the VTA of limbic STN. 






Figure 2. (A,B) Correlation analysis between the HAM-A scores improvement rate and the Z-axis coordinate. (C,D) Correlation analysis between the HAM-D scores improvement rate and the Z-axis coordinate. (E) Correlation analysis between the HAM-A scores improvement rate and the VTA of limbic STN. (F) Correlation analysis between the HAM-D scores improvement rate and the VTA of limbic STN.



[image: Brainsci 12 00755 g002]







[image: Brainsci 12 00755 g003 550] 





Figure 3. Imaging of electrode contacts. (A,C) Imaging of electrode contacts (posterior view). (B,D) Imaging of electrode contacts (right posterior view). (A,B) the Z-axes of active contact locations of an individual patient (blue dots) with lower HAM-A improvement rate (9.09%); the Z-axes of active contact locations of an individual patient (red dots) with higher HAM-A improvement rate (78.26%). (C,D) the Z-axes of active contact locations of an individual patient (blue dots) with lower HAM-D improvement rate (0%); the Z-axes of active contact locations of an individual patient (red dots) with higher HAM-D improvement rate (66.67%). 
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Figure 4. Three-dimensional illustration of VTA and its relationship with the improvement rate of the HAM-A scores. (A,C) Three-dimensional illustration of VTA (posterior view). (B,D) Three-dimensional illustration of VTA (front view). (A,B) The red dot patient (the HAM-A improvement rate: 87.50%), the VTA in the right STN limbic subregion in this patient was 19.29 mm3. (C,D) The blue dot patient (the HAM-A improvement rate: 9.09%), the VTA in the right STN limbic subregion in this patient was 3.01 mm3. (The red ball: VTA; The orange area: STN sensorimotor subregion; The blue area: STN associative subregion; The yellow area: STN limbic subregion). 
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Table 1. HAM-A and HAM-D scores after STN-DBS [M (IQR)].
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Preoperative

	
Postoperative

	
Total p

	
χ2

	
p1

	
p2

	
p3




	
1 Month

	
3 Months

	
6 Months






	
HAM-A

(0–56)

	
16 (14)

	
11 (11)

	
9 (10)

	
11 (11)

	
<0.001

	
60.464

	
<0.001

	
<0.001

	
<0.001




	
HAM-D

(0–68)

	
14 (13)

	
9 (9)

	
9 (8)

	
9 (9)

	
<0.001

	
45.592

	
<0.001

	
<0.001

	
<0.001








HAM-A, Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale. The p1, p2, and p3 values are the comparisons between the preoperative scores and the scores 1, 3, and 6 months postoperative, respectively.
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Table 2. HAM-A, HAM-D scores improvement rate and active contact locations.
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HAM-A Improvement Rate

	
HAM-D Improvement Rate




	

	
r

	
p

	
r

	
p






	
right

	

	

	

	




	
X

	
0.017

	
0.899

	
−0.063

	
0.642




	
Y

	
0.003

	
0.985

	
0.032

	
0.811




	
Z

	
−0.390

	
0.003

	
−0.521

	
0.001




	
left

	

	

	

	




	
X

	
0.237

	
0.076

	
0.210

	
0.117




	
Y

	
0.027

	
0.842

	
−0.078

	
0.566




	
Z

	
−0.308

	
0.020

	
−0.345

	
0.009
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Table 3. Correlation between HAM-A, HAM-D scores improvement rate and the VTAs.
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HAM-A Improvement

	
HAM-D Improvement




	

	
r

	
p

	
r

	
p






	
right STN

	

	

	

	




	
motor subregion

	
−0.027

	
0.839

	
−0.085

	
0.531




	
associative subregion

	
−0.176

	
0.190

	
−0.189

	
0.159




	
limbic subregion

	
0.314

	
0.018

	
0.321

	
0.015




	
left STN

	

	

	

	




	
motor subregion

	
−0.078

	
0.566

	
0.163

	
0.226




	
associative subregion

	
0.086

	
0.524

	
0.042

	
0.755




	
limbic subregion

	
0.174

	
0.196

	
0.154

	
0.254
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