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Background: Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is effective in improving motor function in patients with Parkinson's disease (PD). This study aimed to investigate mortality associated with bilateral STN DBS in patients with PD and to assess the factors associated with mortality and causes of death after DBS.

Methods: We reviewed the medical records of 257 patients with PD who underwent bilateral STN DBS at the Movement Disorder Center at Seoul National University Hospital between March 2005 and November 2018. Patients were evaluated preoperatively, at 3, 6, and 12 months after surgery and annually thereafter. The cause and date of death were obtained from interviews with caregivers or from medical certificates at the last follow-up.

Results: Of the 257 patients with PD, 48 patients (18.7%) died, with a median time of death of 11.2 years after surgery. Pneumonia was the most common cause of death. Older age of disease onset, preoperative falling score while on medication, and higher preoperative total levodopa equivalent daily dose were associated with a higher risk of mortality in time-dependent Cox regression analysis.

Conclusion: These results confirm the mortality outcome of STN DBS in patients with advanced PD.
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Introduction

Parkinson's disease (PD) is one of the most common neurodegenerative diseases worldwide. Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is effective in improving motor function in patients with PD (1, 2). This effect of DBS is known to persist for at least 5–10 years, although the effect decreases as axial signs appear, with the progression of PD (3–7). It has been recently reported that STN DBS remains effective at treating motor complications 15 years after surgery (8). Long-term outcomes of DBS, with a focus on mortality, have been reported in previous studies from various countries (9–12). The mortality outcomes of DBS in patients with PD were diverse, ranging from 4.3 to 34% (see Supplementary Table). This variation may be explained by the fact that DBS was performed in different countries or on patients of different races. However, only one article has been reported in Korea (13). We, therefore, report a larger number of cohorts from our center. The aims of this study were as follows: (1) to investigate the mortality of bilateral STN DBS in patients with PD, (2) to assess the factors associated with mortality, and (3) to assess the cause of death after DBS.



Methods


Participants

We conducted a retrospective longitudinal observational study of patients with DBS. We reviewed the medical records of patients with PD who underwent bilateral STN DBS at the movement disorder center (MDC) at the Seoul National University Hospital (SNUH) between March 2005 and May 2018. A PD diagnosis was made based on the United Kingdom Parkinson's Disease Society Brain Bank Criteria (14), and all patients were examined by experienced movement disorder specialists (BJ and HJK). In total, 269 patients were included in this study. Among them, 10 patients who were referred to other hospitals for reoperation were excluded. One patient was further excluded due to DBS of the ventral intermediate nucleus, and another patient was excluded due to thalamotomy surgery. A total of 257 patients who underwent STN DBS surgery were included. Patients who underwent a second operation at our hospital were included, and the time from symptom onset to surgery or surgery to death was calculated based on the first operation.



Clinical assessment

Preoperative and postoperative assessments were performed according to the SNUH MDC protocol (15). The Unified Parkinson's Disease Rating Scale (UPDRS) parts I, II, and III (motor subscales) and the Hoehn and Yahr (HY) stages were assessed in on-medication and off-medication states. We also measured axial scores, which is the sum of the following motor subscores from the UPDRS-III: stance (item 27), posture (item 28), postural instability (item 29), and gait (item 30) (16). We defined the presence of UPDRS I and II items (e.g., the presence of hallucination, swallowing difficulty, and falling) by a cutoff value of score 2.

The levodopa equivalent daily dose (LEDD) (17) and levodopa doses were calculated at each visit. A diagnosis of PD dementia was made when a patient met the Movement Disorder Society Task Force clinical criteria for PDD. Preoperative cognitive function was evaluated using the Korean Mini-Mental State Examination (MMSE), and depression scores were evaluated using the Beck Depression Inventory with a cutoff score of 16.

Postoperative evaluations were performed at 3, 6, and 12 months after STN DBS, and annually thereafter. Follow-up evaluations were carried out as inpatient procedures at the MDC, with video recordings and diary entries (15). The primary outcomes were survival status and cause of death. The cause and date of death of each patient were obtained from interviews with caregivers or medical certificates at the last follow-up. The cause of death was categorized based on previous studies (10, 12).



Statistical analysis

A descriptive analysis was used to examine the DBS group. Demographic characteristics are presented as mean values ± standard deviations (SD) or numbers (%), when applicable. The Kaplan–Meier method was used for a survival analysis. Univariate and Cox regression analyses were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). We included sex, age at onset, disease duration at surgery, preoperative body mass index (BMI), depression, UPDRS-III score (off-medication score, on-medication score, on-medication score/stimulation on), axial score, falling score, and HY stage as covariates for Cox regression analysis. The proportional hazards assumption considers that HR for comparison groups is constant over the follow-up period, and the proportional hazards assumption was tested by the time-dependent Cox model, including an interaction term with time. HR varied over time in this model, which violated the proportional hazards assumption for two variables (preoperative falling on-medication score and preoperative depression). Thus, we used time-dependent Cox regression analysis by including interaction terms with time (T_COV_* preoperative falling on-medication score, T_COV_*preoperative depression). The other variables satisfied the proportional hazards assumption. SPSS ver. 20 (IBM Corp, Armonk, NY) and R version 4.1.2 (R Foundation for Statistical Computing, Vienna, Austria) were used for all statistical analyses, and a P-values of below 0.05 were considered statistically significant.




Results

Table 1 shows the demographic and baseline clinical characteristics of the patients with PD who underwent DBS surgery. Of the 257 patients, 142 (55.3%) were women. The mean ± SD age of PD onset was 46.9 ± 9.5 years, and the mean disease duration at the time of surgery was 11.5 ± 4.6 years. Preoperative HY stage on medication in all patients except one was under 3. One patient was classified as grade 4 due to diphasic dyskinesia. The mean MMSE score at baseline was 27.3 ± 2.5, and no patients had dementia. 58.8% of patients had depression. The mean ± SD preoperative UPDRS-III motor scores on medication and off medication were 21.1 ± 11.7 and 41.6 ± 14.9, respectively. The mean ± SD preoperative axial symptom score on medication and off medication was 2.9 ± 2.2 and 6.5 ± 3.4, respectively. The mean ± SD levodopa-induced dyskinesia (hour) and wearing off time were 7.2 ± 3.8 and 5.1 ± 4.4, respectively.


TABLE 1 Demographic and baseline clinical characteristics of patients with PD who underwent DBS surgery.
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Mortality and cause of death

A median follow-up duration was 60 months. One hundred forty-two patients with PD were followed up for 5 years, and 51 patients were followed up for 10 years. Of the 257 patients with PD, 48 patients (18.7%) died, with a median time of death of 11.2 years after surgery. The disease duration was 16.08 years from onset to death. The mean age at death was 67.7 years. For the survival group, the age and duration of PD at the time of the study were 62.2 ± 8.6 and 16.4 ± 5.4 years. Survival curves are shown in Figure 1. The results showed a 1-year survival rate of 98.4%, a 3-year survival rate of 96.8 %, a 5-year survival rate of 89.8%, and a 10-year survival rate of 69.2% for patients with PD who underwent DBS treatment at the study center (Figure 1A). Kaplan–Meier plots illustrated survival probability according to the presence of preoperative falling on medication, age group at onset, and preoperative LEDD group (P < 0.05) (Figures 1B–D).
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FIGURE 1
 (A) Kaplan–Meier curve of the DBS group. (B) Kaplan–Meier curve by the presence of preoperative falling on-medication score. (C) Kaplan–Meier curve by the age group at onset. 0: <50, 1: 50–59, 2: ≥60. (D) Kaplan–Meier curve by the preoperative LEDD group. 0: first tertile, 1: second tertile, and 2: third tertile.


A time-dependent Cox regression analysis revealed that older age of onset (HR = 1.048; 95% CI = 1.005–1.093; P = 0.028), higher preoperative total LEDD (HR = 1.001, 95% CI, 1.000–1.001; P = 0.038), and the interaction term with Time (T_COV_* preoperative falling on-medication score) (HR = 1.361; 95% CI = 1.001–1.850; P = 0.049) were associated with a higher risk of mortality (Table 2). A significant interaction term with time indicates that the effect of preoperative falling on HR changed over time. In detail, the direction of HR (<1 or >1) flip over at ~4 years and then increase more markedly as the follow-up period increase. Figure 1B also supports these results. Sex, preoperative presence of depression, disease duration at surgery, presence of preoperative axial symptoms while on medication, preoperative HY stage, and preoperative BMI were not significantly associated with mortality. However, UPDRS-III preoperative improvement score (UPDRS-III off-medication score minus UPDRS-III on-medication score) and the UPDRS-III postoperative improvement score (preoperative UPDRS-III on-medication score minus UPDRS-III on-medication/stimulation-on score) were not significantly associated with mortality (data not shown). Stimulation parameters, such as amplitude, frequency, and pulse width, were not significantly associated with mortality (data not presented). The causes of death are listed in Table 3. Causes of death were grouped into six categories: (1) progression of PD; (2) psychiatric complications; (3) accidental death; (4) unknown; (5) cancer; and (6) medical complications. Pneumonia was the most common cause of death (26, 54.2%). Four patients (8.3%) died of various cancers, four (8.3%) died by suicide, four (8.3%) died of car accidents, drowning, or falling, two (4.2%) died of other medical complications, and seven (14.6%) died of unknown causes. We also analyzed the causes of death within 5 years after surgery (Table 4). Seven patients (38.9%) died of pneumonia, while four (8.3%) died by suicide 1, 3, 13, and 30 months, respectively, after surgery.


TABLE 2 Associations of clinical features with mortality after deep brain stimulation in patients determined by a time-dependent Cox proportional hazard model with time-dependent variables.
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TABLE 3 Causes of death of patients with Parkinson's disease after undergoing deep brain stimulation.
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TABLE 4 Causes of death of patients with Parkinson's disease within 5 years of undergoing deep brain stimulation.
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Discussion

We studied a large cohort of patients with PD over a mean duration of 5 years after STN DBS surgery. We found that 48 patients with PD (18.7%) of 257 died, with a median time of death of 11.2 years after surgery, and that pneumonia was the most common cause of death. The mortality rate in the present study was 18.7%. The present study was compared with previous studies that reported the mortality of patients with DBS in different countries and groups (Supplementary Table). The mortality outcomes of DBS in patients with PD were diverse, ranging from 4.3 to 34%. This variation may be explained by the fact that DBS was performed in different countries, on patients of different races, with different disease durations at the time of surgery.

Pneumonia was the most common cause of death reported in the present study; many previous studies have also reported pneumonia as a common cause of death (7, 11, 13, 18–20). Cancer, suicide, and falling rates have also been reported in our study. The causes of death showed a pattern similar to that reported in other studies. Lau et al. (16) reported that the most common cause of death was a progression of PD, followed by asphyxiation or aspiration pneumonia. They also reported suicide and death due to cancer. Rocha et al. (20) reported that bacterial pneumonia was the most common cause of death, followed by death due to cancer (9.0%) and suicide (6.6%). Zhang et al. (19) reported that pneumonia and asphyxia were the most common causes of death. Castrioto et al. (7) also reported that aspiration pneumonia was the most common cause of death. A high prevalence of swallowing-related diseases, the severity of which is associated with the duration and severity of PD, has also been reported (21). We considered pneumonia to be a consequence of swallowing-related disorders associated with PD progression. Furthermore, since patients without dementia were initially considered indications for DBS, the onset of dementia was classified as PD progression. Therefore, it was easy to predict that pneumonia would be the most common cause of death.

The suicide rate reported in the present study was higher than that in other studies; however, this is consistent with other studies' reports that suicidal behaviors can occur after STN DBS, especially during the first 3 years (22, 23). Thus, we should regularly assess and treat postoperative depression to prevent suicide, which is a preventable cause of death. Other studies have also reported cancer as a cause of death after STN DBS (5, 11, 12, 16, 18, 24). Thus, by focusing only on the progression of PD, we may neglect other diseases, such as cancer. Regular cancer screening in patients with PD should not be overlooked.

Older age of onset, the occurrence of preoperative falls on medication, and higher total preoperative LEDD were also associated with a higher risk of mortality in the present study. Older age at the time of surgery is a predictor of mortality in patients with DBS, which is in line with the results of previous studies (5, 9). In our study, the presence of preoperative falling on medication, which is considered an axial symptom, was associated with a higher risk of mortality. This is consistent with other studies. Lau et al. (16) suggested that the level of axial disability was the only symptom that significantly predicted death. Higher age of disease onset was reported to be associated with a faster progression rate of axial symptoms and falls in patients with PD (25, 26). Thus, older age at the time of surgery and a high preoperative falling score on medication may indicate high mortality rates. Sex differences did not influence mortality in our patients with DBS, in contrast to other studies (12, 13). Previous studies regarding sex differences did not propose any biological explanation, and thus, further study is needed.

The present study additionally found that a higher total preoperative LEDD was associated with a higher risk of mortality. Furthermore, Fasano et al. (6) reported that the subgroup of patients who developed remarkable worsening of postural stability 8 years after DBS also had marked postural instability at baseline (before surgery) in both the off-medication and on-medication conditions and showed a significantly greater intake of antiparkinsonian medication at baseline. In light of the results of the present study, it can be assumed that the group with a high baseline LEDD had more postural instability, which influenced mortality.

The present study had several strengths. Compared with other similar long-term studies, our study examined one of the largest cohorts, followed up at the same DBS center over a longer period of time. Patients were followed by the same neurosurgeons and neurologists. We were able to contact all patients by telephone or in-person, so none were lost to follow-up, leading to more valid conclusions. However, this study also had several limitations. First, this was a single-center study conducted in South Korea; thus, these results do not represent the entire Korean population. Second, whether DBS could affect the course of PD is a debatable issue, but we do not have control data. Third, we were not able to estimate total electrical energy delivered for DBS frequency due to the unavailability of impedance. Finally, there is no genetic and clinical information such as comorbidity burden and dementia conversion in patients with PD who underwent STN DBS surgery.

In conclusion, this study highlighted the mortality outcomes of STN DBS in patients with PD; older age of PD onset, preoperative falling scores on-medication may be associated with a higher risk of mortality.
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