

[image: image1]
Neuropsychiatric Symptoms in Parkinson's Disease After Subthalamic Nucleus Deep Brain Stimulation
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Background: Indications for subthalamic nucleus deep brain stimulation (STN-DBS) surgery are determined basically by preoperative motor function; however, postoperative quality of life (QOL) is not necessarily associated with improvements in motor symptoms, suggesting that neuropsychiatric symptoms might be related to QOL after surgery in patients with Parkinson's disease.

Objectives: We aimed to examine temporal changes in neuropsychiatric symptoms and their associations with QOL after STN-DBS.

Materials and Methods: We prospectively enrolled a total of 61 patients with Parkinson's disease (mean age = 65.3 ± 0.9 years, mean disease duration = 11.9 ± 0.4 years). Motor function, cognitive function, and neuropsychiatric symptoms were evaluated before and after DBS surgery. Postoperative evaluation was performed at 3 months, 1 year, and 3 years after surgery.

Results: Of the 61 participants, 54 completed postoperative clinical evaluation after 3 months, 47 after 1 year, and 23 after 3 years. Frontal lobe functions, depression, and verbal fluency significantly worsened 3 years after STN-DBS. Non-motor symptoms such as impulsivity and the Unified PD Rating Scale (UPDRS) part I score were associated with QOL after STN-DBS.

Conclusions: Frontal lobe functions, depression, and verbal fluency significantly worsened 3 years after STN-DBS. The UPDRS part I score and higher impulsivity might be associated with QOL after STN-DBS.
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INTRODUCTION

Parkinson's disease (PD) is a chronic, disabling neurodegenerative disease (1). Recent several studies reported in detail on the importance of non-motor dysfunctions such as cognitive, neuropsychiatric, and autonomic disorders (2–4).

Deep brain stimulation (DBS) is widely used to treat PD patients with motor complications such as wearing off and disabling dyskinesia, for which standard pharmacological treatment is ineffective (2). Ability to perform activities of daily living (ADLs) and quality of life (QOL) are also known to improve after DBS surgery (5–7).

However, our previous study showed that improvements in QOL after DBS surgery are minor compared with improvements in motor symptoms. We have also reported that QOL, as evaluated with the 39-item Parkinson's disease questionnaire (PDQ-39), is not necessarily correlated with motor function after DBS surgery, suggesting that non-motor symptoms might affect QOL after DBS surgery (8).

Some studies have shown that cognitive functions and neuropsychiatric symptoms worsen after DBS surgery in PD patients (9–11). Other studies have demonstrated that postoperative apathy can negate QOL improvement after subthalamic nucleus (STN)-DBS surgery (12). Changes in the depression and anxiety score after DBS surgery are also predictive of QOL after STN-DBS in PD patients (13). The results of these studies suggest that evaluation of the cognitive function and neuropsychiatric symptoms might be helpful in examining QOL after DBS surgery.

This study aimed to assess temporal changes in the cognitive function and neuropsychiatric symptoms (besides motor dysfunctions) after STN-DBS and to examine the relationship between cognitive and neuropsychiatric symptoms and QOL before and after STN-DBS.



MATERIALS AND METHODS


Participants

Between December 2009 and April 2019, we prospectively enrolled 61 PD patients who underwent bilateral STN-DBS at Chiba University Hospital. PD diagnosis was based on the clinical diagnostic criteria of the United Kingdom PD Society Brain Bank (14). All lead (Medtronic, Minneapolis, MN, USA) were implanted bilaterally into the STN in one session under local anesthesia. All participants reported medication-resistant fluctuations and complications in motor function. Before enrollment in the study, participants had been treated with antiparkinson medications and were taking levodopa/carbidopa, dopamine agonists, selegiline, istradefylline, zonisamide, and entacapone. No participants took anticholinergics immediately before or during the study, and motor functions in the “on” and “off” phases while on medications were evaluated with the Unified PD Rating Scale (UPDRS) parts I, II, III, and IV before and after STN-DBS. All postoperative assessments were performed under bilateral ON stimulation. Health-related QOL was assessed with the PDQ-39 Summary Index (SI) before and after STN-DBS, and cognitive functions were evaluated with the Mini Mental State Examination (MMSE), the Frontal Assessment Battery (FAB), and the Japanese version of the Montreal Cognitive Assessment (MoCA-J). The levodopa equivalent dose (LED) of the antiparkinson medications was calculated according to a description elsewhere (15).

In the neuropsychiatric evaluations, we used the verbal fluency test (VFT) to examine verbal fluency by counting the number of words such as animal and the words beginning with a specified word such as “fu,” “a,” and “ni” in Japanese (16). Furthermore, the Barratt Impulsiveness Scale 11 (BIS11) is used to assess the personality/behavioral construct of impulsiveness by a questionnaire composed of 30 items. The “attentional,” “motor,” and “non-planning” impulsiveness can be examined with the BIS11 (17). The Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) scales evaluate impulsivity based on the theory that it can be understood as a joint function of the behavioral approach system (BAS) and the behavioral inhibition system (BIS) by a questionnaire composed of 20 items (18). The Japanese version of the Epworth Sleepiness Scale (JESS) and the rapid eye movement (REM) sleep behavior disorder screening questionnaire (RBD-Q) were used to assess for the presence of sleep disorder. A score of RBD-Q higher than 5 indicates the presence of RBD (19). The Self-Rating Depression Scale (SDS) and an apathy scale were used to evaluate depression and apathy, respectively.

Postoperative evaluations were performed at 3 months, 1 year, and 3 years after STN-DBS.



Statistical Analysis

All data are expressed as the mean ± standard errors of the mean, and all statistical analyses were performed using SPSS version 23.0 (IBM, Armonk, USA). Analysis of variance (ANOVA) with post-hoc analysis (Dunnet's test in this study) were used for comparisons between the baseline (preoperative) scores and the postoperative PDQ-39 Summary Index (SI), UPDRS sub-score, and cognitive functions (MMSE, FAB, and MoCA-J scores) at each follow-up point. ANOVA with post-hoc analysis were also used for comparisons between the baseline scores and postoperative neuropsychiatric symptoms (VFT, BIS11, BIS/BAS, JESS, SDS, apathy, and RBD-Q scores) at each follow-up point. Spearman's rank correlation coefficients were calculated to evaluate the relationship between the changes in LED (baseline and postoperative values) and the changes in the score of SDS. Multivariable linear regression analysis was used to determine which cognitive functions, neuropsychiatric symptoms besides the UPDRS sub-score, and LED influenced the QOL (PDQ-39 SI) at baseline and each follow-up point after surgery. Statistical significance was set at p < 0.05.



Ethical Considerations

The Chiba University Hospital Institutional Review Board approved this study. All 61 participants provided written informed consent, obtained during the “on” phase. The ethical standards committee at Chiba University gave approval to implement this study. All participants consented to the use of their examination scores for analysis.




RESULTS

A total of 61 patients with PD were enrolled in this study (mean age = 65.3 ± 0.9 years, mean disease duration = 11.9 ± 0.4 years). Of the 61 participants, 54 completed the postoperative clinical evaluation after 3 months, 47 after 1 year, and 23 after 3 years. The stimulation parameters were as follows: intensity, 2.7–3.2 V; pulse width, 60 μs; frequency, 130 Hz.

The mean LED decreased significantly from baseline dosage at each follow-up point after surgery (p < 0.01). The mean UPDRS parts II and III scores during the off phase (Figures 1A,B) and UPDRS part IV decreased significantly (p < 0.01) at each follow-up point after surgery compared to the baseline scores. The mean UPDRS part II scores during the on phase did not significantly change 3 months and 1 year after surgery and significantly increased 3 years after surgery (Figure 1A). The mean UPDRS part III scores during the on phase significantly decreased at 3 months and at 1 year after surgery, but the difference was not significant 3 years after surgery (Figure 1B). FAB scores decreased significantly 3 years after surgery (p = 0.016; Figure 1C). The cognitive functions as evaluated by the MMSE and MoCA-J did not change significantly from baseline at each follow-up point after surgery. The depression (SDS) score significantly worsened 3 years after surgery (p = 0.021). The VFT score in the animal portion was significantly worse 3 years after surgery than before surgery (p < 0.01; Figure 1C). The mean PDQ-39 SI significantly decreased from baseline to 1 year after surgery (p = 0.015; Figure 1D). An RBD questionnaire score higher than 5 indicates the presence of RBD (19), and because the mean score for the RBD questionnaire was around 4 before and after STN-DBS, the PD patients in this study tended to have RBD-related symptoms. All numerical data on the clinical scales used in this study are represented in Table 1.
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FIGURE 1. Longitudinal changes in the Unified Parkinson's Disease Rating Scale (UPDRS) parts II and III scores, neuropsychiatric symptoms, and quality of life (QOL). The mean UPDRS parts II and III scores during the off phase (A,B) and the UPDRS part IV score decreased significantly (P < 0.01) at each follow-up point after surgery compared to the baseline scores. The mean UPDRS part II scores during the on phase did not significantly change 3 months and 1 year after surgery and significantly increased 3 years after surgery (A). The mean UPDRS part III score during the on phase significantly decreased 3 months and 1 year after surgery, and the difference was not significant until 3 years after surgery (B). The depression (SDS) score significantly worsened 3 years after surgery (P = 0.021). The verbal fluency test (VFT) score in the animal portion was significantly worse 3 years after surgery than before surgery (p < 0.01) (C). The mean PDQ-39 SI significantly decreased from baseline to 1 year after surgery (p = 0.015) (D).



Table 1. Temporal changes in levodopa equivalent dose, motor functions, cognitive functions, neuropsychiatric functions, and quality of life.
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Correlation Between the Changes in LED and the Changes in the Score of SDS

The correlation coefficients between the changes in LED and the changes in SDS at each follow-up point were 0.136 (p = 0.596; baseline, 3 months after DBS), −0.051 (p = 0.828; baseline, 1 year after DBS), and 0.066 (p = 0.847; baseline, 3 years after DBS).



Multivariable Linear Regression Analysis

At baseline, a higher UPDRS part III score during the off phase (standardized β = 0.373, p = 0.046), a higher part IV score (standardized β = 0.335, p = 0.018), and a higher BIS11 score (standardized β = 0.576, p = 0.022) were significantly associated with higher PDQ-39 SI. At 3 months after DBS, a higher UPDRS part I score (standardized β = 0.594, p = 0.022) and a higher BIS/BAS score (standardized β = 0.822, p = 0.005) were significantly associated with higher PDQ-39 SI. At 1 year after DBS, although no parameters were associated with PDQ-39 SI, a higher BIS11 score (standardized β = 0.590, p = 0.064) tended to be associated with higher PDQ-39 SI. At 3 years after DBS, a higher UPDRS part I score (standardized β = 0.686, p = 0.014) was associated with higher PDQ-39 SI.

The cognitive functions as evaluated by the MMSE, FAB, and MoCA did not significantly contribute to pre- and postoperative QOL (Table 2).


Table 2. Standardized beta values of the factors determining quality of life at each follow-up point.
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DISCUSSION

Although motor complications dramatically improved after DBS surgery, many PD patients are not necessarily satisfied with their QOL (8), suggesting that QOL after the surgery may be affected instead by non-motor parameters such as cognitive function and neuropsychiatric symptoms. Thus, we aimed to assess the temporal changes in cognitive function and neuropsychiatric symptoms and to determine which cognitive functions and neuropsychiatric symptoms were related to QOL after DBS surgery.

The present results revealed that the scores of UPDRS parts II and III during the off phase and the UPDRS part IV score decreased significantly from baseline after STN-DBS, which are compatible with the well-known clinical effect of STN-DBS on motor dysfunctions (1). The present study also revealed that frontal lobe function, depression, and verbal fluency significantly worsened 3 years after STN-DBS. Furthermore, preoperative QOL was significantly associated with the severity of preoperative motor symptoms (UPDRS part III during the off phase), motor complication (UPDRS part IV), and impulsivity (BIS 11), suggesting that worse motor complications and impulsivity led to worse QOL preoperatively. Postoperative QOL 3 months after surgery was significantly associated with non-motor symptoms (UPDRS part I) and impulsivity as evaluated by BIS/BAS, suggesting that worse non-motor symptoms and impulsivity led to worse QOL 3 months after surgery. Although no clinical parameters were significantly associated with postoperative QOL 1 year after surgery, postoperative QOL at 3 years was significantly associated with non-motor symptoms (UPDRS part I) and impulsivity as evaluated by BIS11, suggesting that worse non-motor symptoms and impulsivity led to worse QOL postoperatively 3 months after surgery.

In terms of a decline in frontal lobe function 3 years after STN-DBS, our previous report also revealed that the FAB score tended to decrease 3 years after STN-DBS, without statistical significance (8). Because this study included a larger number of PD patients compared to our previous study (8), the decline in frontal lobe function 3 years after STN-DBS compared to baseline probably became significant in this study. Although it is difficult to identify whether the decline in FAB score 3 years after STN-DBS was attributable to the effect of surgery or natural disease progression, our previous report revealed that PD patients who underwent STN-DBS showed a decrease of cerebral blood flow in the prefrontal and cingulate cortex 4.3 ± 1.1 months (range = 2.9–6.6 months) after STN-DBS (10). Hence, frontal lobe functions should be carefully examined for more than 3 years after STN-DBS.

This study also showed that depression worsened 3 years after STN-DBS. Although a reduction in LED might partially contribute to the worsening of depression, dopamine withdrawal syndrome usually occurs less than 1 year after STN-DBS (20). Furthermore, the relationships between the changes in LED and the changes in the depression scale did not show significant correlations in this study. We do not know the exact reason why the depression score worsened significantly only at 3 years after STN-DBS, nor whether the worsening of depression scores is attributed to the effect of STN-DBS or is a natural disease progression.

Verbal fluency is well-known to worsen after STN-DBS (21). Although we do not know why the worsening of verbal fluency was significant only at 3 years after STN-DBS, chronic changes in the microlesion effect of the electrode trajectory might contribute to verbal fluency (22).

In terms of the associations between QOL and motor, cognitive, and neuropsychiatric symptoms, deteriorated motor symptoms during the off phase and severe motor complications were significantly associated with worse QOL preoperatively, which was reasonable because the indication for STN-DBS is the presence of motor complications accompanied by a severely deteriorated ADL during the off phase. The higher impulsivity was also associated with worse QOL preoperatively. Although we do not know the exact reason why a higher impulsivity leads to worse QOL preoperatively, a possible explanation might be that patients with higher impulsivity were more strongly dissatisfied with preoperative mobility and ADL (23).

On the contrary, postoperative QOL was associated with non-motor symptoms, as evaluated by UPDRS part I, rather than motor symptoms or ADL. The significant positive associations between the UPDRS part I score and the PDQ-39 SI were found 3 months and 3 years after STN-DBS. Because UPDRS part I includes questions on cognitive functions, hallucination, depression, and motivation, we might say that non-motor symptoms partially contribute to QOL after STN-DBS in PD patients. Although there are few studies examining the associations between the UPDRS part I score and PDQ-39 SI before and after STN-DBS, numerous studies have reported on the effect of STN-DBS on cognitive and neuropsychiatric symptoms in PD patients (24–27). However, the effect of STN-DBS on cognitive functions and neuropsychiatric symptoms may differ, and a detailed interpretation of the positive associations between the UPDRS part I score and PDQ-39 SI is difficult. It is interesting that impulsivity, as evaluated by BIS/BAS, was significantly associated with postoperative QOL 3 months after surgery, whereas BIS11 was significantly associated with postoperative QOL 3 years after surgery. BIS11 classified impulsivity into “attentional,” “motor,” and “non-planning” impulsiveness (16), whereas BIS/BAS evaluate impulsivity based on the theory that it can be understood as a joint function of the behavioral approach system (BAS) and the behavioral inhibition system (BIS) (17). Despite the marked reductions in LED after surgery, impulsivity was significantly associated with postoperative QOL. Mosley et al. reported that greater connectivity of the stimulation site with the frontostriatal network was related to greater postoperative impulsiveness and disinhibition (28). Although we do not know the exact reason why BIS/BAS was associated with postoperative QOL 3 months after surgery, whereas BIS11 was associated with postoperative QOL 3 years after surgery, a higher impulsivity might contribute to postoperative QOL, and impulsivity should be carefully examined after surgery.

Several limitations of this study should be considered. One major limitation is that not all patients completed the follow-up evaluations. Some patients at each follow-up point are now under investigation. Therefore, the smaller number of patients at each follow-up point compared to baseline does not indicate a high prevalence of the dropout rate in this study. Another limitation was that, although the postoperative score of UPDRS part I was associated with QOL, the cognitive functions (MMSE, FAB, and MoCA-J) and neuropsychiatric symptoms, except for impulsivity, were not associated with postoperative QOL at each follow-up point. One possible explanation for this discrepancy might be that the MMSE, FAB, SDS, and the apathy scale are not specific scales for PD patients, whereas UPDRS part I is specific for PD patients. However, these points should be further examined with a larger number of PD patients. It should also be addressed that the present study lacks a control group, which means that the postoperative changes in the cognitive and neuropsychiatric symptoms and their association with QOL may not solely result from STN-DBS, but the degeneration itself also has a contribution. However, it might be practically very difficult to compare advance-stage PD patients undergoing DBS surgery with PD patients who receive only the best medical treatment. Advance-stage PD patients who do not undergo DBS surgery usually have cognitive impairments and severe neuropsychiatric symptoms or less severe motor complications in which DBS surgery is not indicated. Because DBS is a clinically established surgery for PD patients suffering from motor complications, randomization of PD patients into a DBS group and a best medication group is currently difficult. Furthermore, the selection of a stimulation target might also result in selection bias. In our hospital, STN-DBS are basically administered to PD patients who were suffering from a wearing-off phenomenon rather than dyskinesia and vice versa for globus pallidus pars interna (GPi)-DBS. Since non-motor symptoms might be more prevalent and severe in PD patients receiving GPi-DBS compared to those receiving STN-DBS, selection of the stimulation target might lead to selection bias.

Nevertheless, the present results might be important because temporal changes in the cognitive and neuropsychiatric symptoms and their association with QOL were provided in this study. Since many of the previous studies usually examined non-motor symptoms at only one point, our results might be helpful for clinical practice.



CONCLUSION

Frontal lobe functions, depression, and verbal fluency significantly worsened 3 years after STN-DBS. The UPDRS part I score and a higher impulsivity might be associated with QOL after STN-DBS.
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Baseline 3months 1year 3years

(h=61) (n=54) (h=47) (n=23)
LED (mg) 1,127.90 4 39.78 71912 & 44.79" 670,53 43.11* 83034 + 72.93
UPDRS Part | 1,68 +0.29 1224027 1.00£0.19 255+ 039
Part ll on 8.95:+£095 7224094 858:+0.99 13.05 4+ 167
Part Il off 2283+ 1.13 11,63+ 173" 13.48 + 2.06™ 17.23 4 1.87
Part ll on 1971+ 122 1262 + 1.20° 1481 1.40° 1623 £1.79
Part ll off 42,66+ 1.86 20.71 4 2.26" 22,68+ 2.80" 26.95 4 2.95"
Part IV 815038 3.45 £ 0.28" 3.14 £ 026" 4.10 £ 027"
QoL PDQ-39 Sl (%) 34.00+2.64 28.71£2.29 23.45 & 2.45" 3168+3.44
(~18.15% decrease (-27.54% decrease  (~10.07% decrease
from baseline) from baseline) from baseline)
Cognitive and neuropsychiatric functions  MMSE 28634023 2833034 28784025 27.95 £ 0.61
FAB 16.40 + 0.24 15.00 + 0.49 16.50 4 0.39 1437 + 067
MoCA-J 26,05 % 0.44 26,0+ 061 25,65+ 0.53 24.65+0.85
VFT (Katakana) 24414197 24.47 +1.93 21944277 2163 £2.01
VFT (animal) 16.36 £ 1.15 13.70 % 1.1 15.08 £ 1.04 1211 £ 1,637
BIS11 53504334 48,534 2.07 53.07 2,64 56.44+1.85
BIS/BAS 47.78 £ 2.07 46.27 £1.95 49.7141.96 49.20+2.85
JESS 721124 747 £154 9.88 £ 1.60 818136
sDs 3474143 85404 1.43 37.60+1.63 41.24 £ 1.45°
Apathy 442093 7.80 £ 1.46 588+ 1.16 629:£1.14
RBDQ 411£069 3.87 049 419:+£052 3942053

Apathy, apathy scale; BIS11, Barratt impulsiveness scale 11; BIS/BAS, behavioral inhibition system/behavioral activation system; FAB, Frontal Assessment Battery; JESS, Japanese
version of the Epworth Sleepiness Scale; LED, levodopa equivalent dose; MMSE, Mini Mentel State Examination; MoCA~J, Japanese version of Montreal Cognitive Assessment; PDQ-
39, 39-item Parkinson’s disease questionnaire; QOL, quality of Ife; RBDSQ, REM sleep behavior disorder screening questionnaire; SDS, Selt-Rating Depression Scale; SI, Summary
Index; UPDRS, Unified Parkinson's Disease Reting Scale; VFT, verbal fluency test.

'p < 0.01 vs. preoperative values; *p < 0.05 vs. preoperative values.
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