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Abstract 
Background: Deep brain stimulation (DBS) involves 
implanting electrodes in the brain to enhance 
movement and psychiatric functions. However, post-
surgical complications can negatively impact patients' 
quality of life (QoL). This single-center study evaluates 
short- and long-term complications of DBS surgery to 
provide insights for improving outcomes. 
Methods: Patients with Parkinson’s disease (PD), 
dystonia, and essential tremor (ET) who underwent DBS 
implantation procedures from January 2016 to January 
2024 in our center (Shohada Tajrish Hospital, Tehran, 
Iran) were surveyed. 
Results: Among a total of 75 assessed patients, 47 
individuals were available to be surveyed and analyzed 
continuously. The most frequent complications 
observed were battery protrusion (n = 20, 42.55%), 

bowstringing (n = 14, 29.78%), hypersalivation (n = 14, 
29.78%), and itching at the suture site (n = 12, 25.53%). 
These complications were divided into three 
categories: operation-related, hardware-related, and 
other complications. The hardware-related category 
exhibited a wider range and a more prominent peak in 
the time‒frequency plot. In contrast, the ‘other 
complications’ category—specifically apraxia of eyelid 
opening (AEO) and hypersalivation—demonstrated a 
more normal distribution pattern. 
Conclusion: To obtain a better long-term success rate 
and provide an improved QoL, further investigations 
are warranted to better evaluate the leading causes of 
post-surgical DBS complications. These findings 
reflect complication patterns observed in a DBS 
cohort and do not imply direct causality. 
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Introduction 

Deep brain stimulation (DBS) is a well-established 
surgical procedure that involves the implantation 
of a neurostimulator in specific brain regions to 
deliver electrical impulses for alleviating 
symptoms associated with movement and 
neuropsychiatric disorders.1 This technique is 
commonly used to address prevalent movement 
disorders such as Parkinson's disease (PD), 
essential tremor (ET), and dystonia.2 The 
subthalamic nucleus (STN)—a key component of 
brain circuits responsible for motor, cognitive, and 
emotional functions—plays a crucial role in 
modulating behavior in individuals with PD, 
highlighting the therapeutic effectiveness of DBS 
in this patient population.3 

On the other hand, although DBS presents 
therapeutic advantages for patients with PD, it is 
crucial to consider potential complications to ensure 
patient well-being.4 Complications such as infections 
requiring revision surgery, intracranial bleeding, 
misplacement, and hardware-related issues like 
migration or malfunction have been identified, 
albeit with generally low occurrence rates, 
particularly in experienced centers.4 Furthermore, 
DBS may carry a risk of cognitive decline, 
emphasizing the importance of a comprehensive 
evaluation of its benefits and drawbacks.5  

Understanding the potential complications 
associated with DBS allows for the development of 
strategies to minimize these risks and optimize 
patient outcomes.6 Regarding the scarcity of 
information for short- and long-term 
complications of DBS surgery in regions such as 
Iran, regional surveys can enhance the 
abovementioned goal. The present single-center 
study aimed to evaluate the short- and long-term 
complications in patients with PD, ET, and 
dystonia following DBS surgery. Studying the 
complications of DBS surgery offers several 
significant benefits in enhancing patient care and 
treatment outcomes.  

Materials and Methods 

Patients and clinical procedure: Patients with PD, 
dystonia, and ET who underwent DBS 
implantation procedures in our center (Shohada 
Tajrish Hospital, Tehran, Iran) from January  
2016 to January 2024 were retrospectively 
surveyed and analyzed to collect the target data. 
All forms of intracranial electrode implantation 
were considered as the target criteria for patient 
selection in this study. Complications were 

retrospectively identified via comprehensive 
review of both postoperative records and  
follow-up visits in our clinical center between 
January 2016 and January 2024. All the patients’ 
complaints that were clinically compatible with 
post-DBS implantation were considered as target 
complications in this survey. To note, the  
present study only reports the complications that 
occurred in a cohort of patients who underwent 
DBS surgery. However, to distinguish surgical 
complications from the natural course of disease 
progression, only a new-onset symptom or 
exacerbation of a clinical manifestation was 
considered a DBS complication. Events such as 
postoperative seizures in a patient diagnosed  
with epilepsy before the surgery were not included 
as complications due to a lack of certainty for  
them being the result of the surgery. The time 
range of the complications was based on follow-up 
visits at the clinic. 

Itching at the suture site (patients’ complaint), 
site infection, urinary incontinence, weight gain, 
and subdural hemorrhage were mentioned as the 
operation-related category, mainly due to the 
effect of the insertion location of the electrodes. The 
hardware-related category consisted of 
bowstringing, protrusion of the battery, and device 
dislocation. Finally, the ‘other complications’ 
category involved apraxia of eyelid opening (AEO) 
and hypersalivation.  

DBS surgery: Prior to surgery, all patients 
underwent a positioning magnetic resonance 
imaging (MRI) using gadolinium-based contrast at 
our center. Based on the MRI results and a 
preoperative computed tomography (CT) scan, the 
positional aspects of the surgical approach were 
defined. A microelectrode recording (MER) 
conduction procedure was performed for 
intraoperative electrophysiological localization of 
STN, internal globus pallidus (GPi), and ventral 
intermediate nucleus (Vim) without using any 
sedative agents. Then a macro-stimulation was 
performed to confirm the correct placement of 
electrodes. Following general anesthesia, the 
implantable pulse generator (IPG) was placed into 
the subclavian pouch. Subsequently, the related 
wires were used to connect the electrodes and the 
IPG. Finally, the position of the electrodes was 
confirmed again using a postoperative CT review 
within 24 hours. 

Statistical graphs and information: The 
statistical information and graphs provided in this 
study are prepared using Stata statistical software 



 

 
 

 

(version 17, Stata Corporation, College Station, TX, 
USA) and Python 3.12.3. These included 
summarized clinical and demographic features of 
the study, descriptive bar charts, and scatter plot 
figures to better understand the distribution of the 
complications on a post-surgical time basis. 

Results 

Demographic and clinical features: A total of 75 
DBS insertion procedures were performed at our 
center from January 2016 to January 2024, 
involving the implantation of 150 electrodes (75 
pairs). Information for 5 cases was not available in 
this survey due to a lack of access to these patients 
in the follow-up visit courses. Regarding the other 
70 available cases, the total number of PD, ET, and 
dystonia cases was 54, 2, and 14, respectively. The 
insertion sites included 53 pairs in STN for PD 
cases, 15 pairs in GPi (one for a patient with PD and 
14 for patients with dystonia), and 2 pairs in Vim 
for patients with ET. Based on the retrospective 
study design, the available high-quality 
documentations were selected, consisting of 49 
(90.7%) PD cases and one (7.1%) dystonia case 
showing at least one of the determined 
complications which emerged progressively 
during long-term follow-up. Three of the cases 
died before the start of this survey due to 
comorbidities and other etiologies not related to 
the DBS procedure and complications; thus, 47 
living cases with a reported complication (out of a 
total of 75 cases with DBS insertion) were available 
for comparative presentation. 

Demographic characteristics of 47 living cases 

with complications related to their DBS 
implantation are summarized in table 1. The cohort 
comprised 28 male (59.6%) and 19 female (40.4%) 
patients. The mean age of the cases was 53.40 years 
(ages were accounted as rounded numbers for 
years; months were not included). As shown in 
table 1, the interval between disease onset (mean 
age: 40.08 years) and surgery (mean age: 48.27 
years) was 8.19 years. Regarding the total disease 
duration, the cohort exhibited a mean duration of 
13.31 years. When stratified by diagnosis, the  
mean disease duration was 13.38 years for the 46 
patients with PD and 10.00 years for the single 
patient with dystonia. Among the 47 patients who 
experienced post-implantation complications, 8 
(17.0%) presented with a single complication, 
while 4 (8.5%) developed multiple complications. 
Body mass index (BMI) data were available for all 
47 living patients. 12 patients (25.5%) had a BMI  
≤ 23 kg/m², 5 (10.63%) were in the range of 23  
< BMI ≤ 25 kg/m², 25 (53.19%) were in the range of 
25 < BMI ≤ 30 kg/m², and 5 (10.63%) had a BMI 
between 30 and 35 kg/m². No patients in this 
cohort presented with a BMI ≥ 35 kg/m².  
The prevalence of pre-existing comorbidities 
among the patients was as follows: diabetes 
mellitus (DM) was the most frequent (n = 5), 
followed by arrhythmia, hypothyroidism, and 
dyslipidemia (each n = 3). Hypertension (HTN) 
and a history of interventional angiographic 
surgery were each reported in 2 patients. 
Additionally, single cases of epileptic syndromes, 
inflammatory bowel disease (IBD), and anemia 
were documented (Table 1). 
 

 

Table 1. Demographic information of the patients who completed the survey (n = 47) 
Demographics Value Minimum Maximum 
Movement disorder    
Parkinson’s disease 46 (97.87) - - 
Dystonia 1 (2.13) - - 
Age (year) 53.40 36 73 
Sex    
Men 28 (59.57) - - 
Women 19 (40.43) - - 
Duration of disease (year) 13.31 5 30 
Age at disease onset (year) 40.08 14 63 
Age at surgery (year) 48.27 32 65 
Comorbidities = 1 8 (17.02) - - 
Comorbidities > 1 4 (8.51) - - 
BMI    
≤ 23 12 (25.53) 20 23 
23 < BMI ≤ 25 5 (10.63) 24 25 
25 < BMI ≤ 30 25 (53.19) 26 29 
30 < BMI ≤ 35 5 (10.63) 31 32 

Data are presented as mean or number and percentage. 
BMI: Body mass index 

 
 



 
 

 

Frequency distribution of the complications: As 
shown in table 2, 13 different complications were 
identified in patients who underwent DBS 
implantation at our center during the study period. 
To facilitate comparison and better illustrate the 
characteristics of these complications, they were 
divided into three categories. 

Itching at the suture site (n = 12, 25.53%), site 
infection (n = 8, 17.02%), urinary incontinence  
(n = 5, 10.63%), weight gain (n = 8, 17.02%), and 
subdural hemorrhage (n = 1, 2.12%) were 
mentioned as operation-related categories. Itching 
at the suture site was a relatively common 
complication in this survey. Regarding weight 
gain, 4 patients (8.5%) gained less than 5 kg, while 
another 4 patients (8.5%) reported a weight gain of 
5 kg or more.  

Regarding hardware-related category, the 
frequencies were as follows: bowstringing (n = 14, 
29.78%), protrusion of battery (n = 20, 42.55%),  
and device dislocation (n = 2, 4.25%). This category 
constituted a substantial proportion of the 
complications observed among DBS patients  
at our center. Protrusion of the battery was a 
common finding, involving almost half of the 
complication cases. 

Additionally, seven (14.89%) and fourteen 
(29.78%) patients with complications presented 
with AEO and hypersalivation, respectively.  

Time-related distribution of the complications: 
Table 2 summarizes the time to complication onset 
among the 47 surviving patients described in this 
study. The reporting interval was widest for 
battery protrusion (24‒156 months; range = 132 
months), followed by hypersalivation (4-108 
months; range = 104 months) and AEO (6-108 
months; range = 102 months). According to the 
frequency distribution, battery protrusion showed 

a relatively wide range of occurrence over the 
follow-up period. 

Figure 1 provides an overview of the time-
related distribution of frequencies of each 
complication. Six postoperative time intervals 
were defined, and the frequency of each 
complication within these intervals is presented as 
a bar chart. For less than 1 month and more than 60 
months after the surgery, there was less variability 
in complications.  
 

 
Figure 1. Bar chart showing the frequency of post-

surgical deep brain stimulation (DBS) complications 

based on time (T, months). The time intervals are 

unequal and based on clinic follow-up schedules rather 

than statistical grouping. 
 

Itching at the suture site was most frequent within 
the first month after DBS implantation, and showed 
a decreasing trend over the next months. The same is 
attributable to the bowstringing complication. 
Conversely, the protrusion of battery complication 
exhibited a later time of onset (12 < T ≤ 36 months), 
and demonstrated a nearly stable trend in frequency 
during the subsequent months.  

 

 

Table 2. Descriptive statistics of complications of deep brain stimulation (DBS) surgery in the study population 

(n = 47) 
Complications n (%) Minimum time to complication  

detection (month) 
Maximum time to complication  

detection (month) 

Itching at the suture site 12 (25.53) 1 84 
Eyelid opening apraxia 7 (14.89) 6 108 
Bowstringing 14 (29.78) 1 12 
Hypersalivation 14 (29.78) 4 108 
Weight gain 8 (17.02)   
Weight gain < 5 kg 4 (8.51) 2 12 
Weight gain ≥ 5 kg 4 (8.51) 12 24 
Urinary incontinence 5 (10.63) 36 60 
Site infection 8 (17.02) 1 60 
Subdural hemorrhage 1 (2.12) 1 1 
Protrusion of battery 20 (42.55) 24 156 
Device dislocation 2 (4.25) 9 24 

 
 



 

 
 

 

It should be noted that the time intervals shown 
in figure 1 were not determined based on the 
statistical method of grouping data in frequency 
description, as a correct statistical method requires 
equal ranges for each group. But in our case, the 
groups do not show equal ranges, because the 
method for reporting a complication was based on 
follow-up visits at the clinic, and as the follow-up 
sessions were not planned for equal sets of time, it 
was not possible to make a correct statistical range 
of grouping data. 

To provide a more consistent view of the time‒

frequency relation for the complications, figure 2 
presents a scatter plot regarding frequency and 
time (after surgery, at which the complication is 
reported) as variables for each of the three 
abovementioned categories. The hardware-related 
category showed a wider range and a more 
prominent peak in the time‒frequency plot. In 
contrast, the ‘other complications’ category was 
shown to have a more normal distribution pattern. 

Discussion 

The present study assessed the short- and long-
term complications in patients with PD, dystonia, 
and ET who underwent DBS surgery at Shohada 
Tajrish Hospital in Tehran City. The complications 
associated with DBS can be broadly categorized 
into operation-related issues, hardware-related 

problems, stimulation-related effects, and 
cognitive disorders. The results demonstrated that 
the distribution and frequency of these 
complications varied significantly. It is important 
to note that this study solely documented the 
complications experienced by a group of patients 
who had undergone DBS surgery. In our study, we 
defined DBS complications as either a new-onset 
complication or the worsening of an existing 
clinical manifestation to reduce the challenge of 
differentiating a genuine DBS complication from 
the natural progression of the disease; however, 
there is still an important limitation regarding this 
differentiation. The stimulation-related 
complications were not evaluated due to the 
potential bias associated with the time of 
stimulation and stimulation settings across the 
patients, affected by the small sample size of the 
present study. The hardware-related category 
showed a wider range and a more prominent peak 
in the time‒frequency plot. In contrast, the ‘other 
complications’ category was shown to have a more 
normal distribution pattern. Furthermore, while 
some issues occur earlier after surgery, others, like 
hardware-related problems, can persist or emerge 
later. This comprehensive analysis underscores the 
need for ongoing monitoring and tailored 
management strategies to address the diverse 
range of complications following DBS.  
 

 
Figure 2. Scatter plot showing the time‒frequency pattern across the four categories 

of post-surgical deep brain stimulation (DBS) complications 



 
 

 

A notable limitation of the present study was 
the lack of precision regarding the time when a 
complication started, because the method for 
reporting a complication was based on follow-up 
visits at the clinic. Despite this constraint, 
characterization of the most common post-
implantation complications of DBS surgery in this 
single-center study may provide valuable 
information for further assessments, qualifications, 
and improvements in this setting. 

Research indicates that cognitive decline, 
particularly in areas such as verbal fluency, 
executive function, attention, working memory, 
and response inhibition, can occur following 
bilateral STN DBS.7,8 These cognitive changes are 
more commonly observed in patients with 
preexisting cognitive impairments.9 A longitudinal 
study found that within the first 3 postoperative 
months, no visual hallucinations were reported, 
but in the long term, approximately 10% of patients 
developed visual hallucinations.10 Another study 
reported that new-onset visual hallucinations 
following STN DBS occurred in one case, 
indicating a rare but possible complication 
associated with the procedure.11 Additionally, a 
case report highlighted that visual hallucination 
was induced by DBS in a patient with PD, further 
emphasizing the potential for this complication.12 
The time of occurrence of post-DBS surgery visual 
hallucination can vary. For instance, one study 
described its recurrence 3 years after surgery, time-
locked with stimulation of an electrode within the 
zona incerta.13 In another case, visual hallucination 
was reported to occur long after the initial 
postoperative period.10 Moreover, the occurrence 
rate of speech disturbance complications in DBS 
surgery is approximately 2.0% based on the 
available data.14 Speech dysfunction can manifest 
at various points during the postoperative period, 
emphasizing the importance of close monitoring of 
patients to detect and manage any speech-related 
issues that may arise.15 In the present study, 
however, there was no decline in cognitive 
domains decisively attributable to the DBS post-
surgical complications. In other words, the lack of 
documentation of patients’ pre- and postoperative 
cognitive scores in this retrospective study made it 
impossible to determine whether any observed 
cognitive decline, if present, could be attributed to 
DBS surgery. However, the postoperative follow-
up reports indicated no memory loss, 
hallucination, or psychological complaints in the 
patients. Patients, caregivers, neurologists, and 

neurosurgeons need to be aware of the potential 
cognitive complications of DBS surgery.  

Studies have highlighted various operation-
related complications that patients may encounter 
during or after DBS surgery. In the present study, 
itching at the suture site (25.53%), site infection 
(17.02%), urinary incontinence (10.63%), weight 
gain (17.02%), and subdural hemorrhage (2.12%) 
were mentioned as operation-related categories. 
These complications can have a significant impact 
on the patient's postoperative recovery and overall 
outcome. Specific complications associated with 
the surgical procedure may involve neurosurgical 
techniques, such as hematoma, subdural 
hemorrhage, and cerebral hemorrhage, as well as 
issues like urinary incontinence and weight 
gain.16,17 Based on available data, the reported 
incidences of subdural hemorrhage, urinary 
incontinence, and weight gain complications in 
DBS surgery are approximately 1.4%,18 11.1%,19 
and 2.8%,20 respectively. Studies have shown that 
older patients undergoing DBS surgery have a 
similar risk of complications compared to younger 
patients, including postoperative hemorrhage or 
infection.20 Infections related to the DBS device are 
recognized as a significant complication that can 
impact the course of DBS therapy, necessitating 
careful management and potential hardware 
removal.21 The percentage of site infection 
complications in DBS surgery varies across studies, 
with rates reported between 1.5% and 6.1%.16 In 
general, the frequency of inflammatory responses, 
infection, and hemorrhage was relatively 
compatible with other reports.22 These 
complications are mostly due to the nature of the 
surgery (mostly the surgical site characteristics) 
and patients’ status of wound care.22  

In addition, hardware-related complications 
unique to DBS, such as foreign-body migration and 
stimulation-induced side effects, can pose 
challenges for patients undergoing DBS surgery.17 
Regarding the hardware-related category, the 
frequencies observed in this study were as follows: 
bowstringing (29.78%), protrusion of battery 
(42.55%), and device dislocation (4.25%). Factors 
such as comorbid medical conditions, HTN,  
early-stage operation, and unilateral electrode 
implantation have been identified as potential risk 
factors for overall complications, including 
operation-related issues.23 Moreover, the 
development of peri-lead edema or cystic 
cavitation post-DBS surgery underscores the 
importance of monitoring patients for both 



 

 
 

 

immediate and delayed complications that may 
arise from intracranial and hardware-related 
events.24,25 The percentage of bowstringing 
complications in DBS surgery is approximately 
2.0% based on available data.26 The study by Miller 
and Gross highlights wire tethering or 
'bowstringing' as a long-term hardware-related 
complication of DBS, emphasizing the need for 
surgical revision in such cases.26 In terms of battery 
protrusion, it occurs in approximately 2.0% of 
cases as previously reported,27 and can arise at any 
time after surgery, particularly following repeated 
IPG replacements due to battery drain.28 Device 
dislocation, reported to occur in approximately 
2.0% of DBS procedures,29 is a hardware-related 
complication, which may necessitate surgical 
intervention to address the issue. Similar to other 
hardware-related complications, such as lead 
fracture and infection, it is a known risk associated 
with DBS surgery.29  

The relatively high rate of battery protrusion in 
these patients may be attributable to the high 
frequency of infection or inflammation at the site 
discussed earlier, both of which have been 
reported as important causes of this 
complication.30 Furthermore, the rate of 
bowstringing was relatively high among patients 
who experienced complications in our study. 
While the surgical technique of tunneling over the 
convexity of the clavicle—rather than directing 
towards the suprasternal notch—is recognized  
to mitigate the risk of bowstringing,31 the high 
incidence may be due to the lack of a clear method 
of reporting this complication in the medical 
records. Specifically, reliance on subjective patient 
reports, such as self-perceived tightening along the 
lead path, may contribute to a high false-positive 
rate for bowstringing. 

Stimulation-related complications of DBS 
surgery, which may result from excessive or 
insufficient stimulation of specific target nuclei, 
including AEO, hypersalivation, and seizures, are 
important considerations in the management of 
movement disorders. Results showed that 14.89%, 
29.87%, and 4.25% of the complications were 
related to AEO, hypersalivation, and seizure, 
respectively. Studies have reported that AEO can 
occur in patients undergoing STN stimulation, 
highlighting the need for vigilance in monitoring 
and managing this complication.18,32 The 
percentage of AEO complications in DBS surgery 
ranges from 1.8% to 30% according to previous 
reports.33 This complication may persist during the 

long-term follow-up in DBS patients; therefore, 
rigorous clinical surveillance is essential for both 
early detection and management.32 
Hypersalivation is another stimulation-related 
complication that can arise post-DBS surgery. 
While not as common as other side effects, 
hypersalivation has been reported in a subset of 
patients undergoing DBS, necessitating careful 
assessment and potential adjustments of 
stimulation parameters.34 Moreover, seizures 
represent a serious but relatively uncommon 
stimulation-related complication of DBS surgery. 
Their occurrence in some patients underscores the 
importance of close monitoring and prompt 
intervention in cases where seizures develop 
postoperatively.23 The percentage of seizure 
complications in DBS surgery ranges from 1.1% to 
4.6% based on the reported evidence.35 The exact 
timing of the occurrence of post-DBS surgery 
seizures varies, with at least 74% of seizures 
reported to occur around the time of electrode 
implantation.36 Proper evaluation of seizure risk 
factors and adjustment of stimulation parameters 
may be necessary to mitigate the occurrence of 
seizures in individuals undergoing DBS therapy.37 
In our study, AEO was potentially due to factors 
such as stimulation of certain nuclei (e.g., the STN) 
or the patient’s nature of disease (PD in 
particular).37 Regarding hypersalivation, it is 
presumed to be primarily a symptom of the 
underlying disease rather than a complication of 
the DBS insertion surgery.4,37  

The next step for further investigation may 
involve case-control studies engaging multiple 
surgical settings to better evaluate the leading cause 
of most of the post-surgical DBS complications, and 
how we can improve the results. Healthcare 
providers must be aware of these complications 
associated with DBS surgery to ensure timely 
recognition and appropriate management. By 
closely monitoring patients for symptoms, 
healthcare teams can optimize patient outcomes 
and quality of life (QoL) following DBS surgery.  

Limitations: One significant limitation of this 
retrospective study is the absence of scoring 
systems in the patients' medical records, which 
restricts the categorization of complications, 
especially cognitive complications. Additionally, it 
is important to note that nearly one-third of the 
patients who underwent DBS surgery did not have 
follow-up reports. This lack of follow-up 
significantly reduced the study population for this 
study, which could potentially influence the 



 
 

 

frequency and types of complications reported. 
Moreover, the reported timing of complications is 
imprecise, and some reported frequencies may be 
inaccurate due to inconsistent data collection. 
Conducting a prospective study with a bigger 
sample size that systematically collects mental and 
motor scoring systems could enable researchers to 
draw more accurate conclusions about the 
complications associated with DBS insertion 
surgery. Furthermore, examining various 
stimulation-related complications, such as gait 
disturbances and dysarthria, in a sufficiently large 
sample can significantly enhance our 
understanding of both short- and long-term 
complications following DBS surgery and provide 
a stronger basis for future experimental studies 
and robust statistical inference. Ultimately, it is 
crucial to note that this study exclusively reports 
the complications observed in a cohort of patients 
who underwent DBS surgery. In this study, we 
characterized DBS complications as either a newly 
occurring complication or the exacerbation of a 
pre-existing clinical manifestation to mitigate the 
difficulty of distinguishing a true DBS 
complication from the natural progression of the 
disease. However, there remains a significant 
limitation concerning this differentiation. 

Conclusion 

In summary, this single-center retrospective 
analysis suggests that while hardware-related 
issues are the most frequent complications after 
DBS, these adverse events may follow a time-
dependent pattern, with non-hardware events 
tending to occur in the immediate postoperative 
phase and hardware-related issues emerging later. 
These temporal patterns are descriptive and do not 
establish causality; nevertheless, they highlight a 
substantial, potentially preventable postoperative 
burden that warrants targeted quality-
improvement efforts. To strengthen the evidence 
base in our region and improve long-term 
outcomes after DBS, prospective, multicenter 

studies are needed, using pre-specified and 
harmonized complication definitions, 
standardized follow-up intervals with transparent 
retention reporting, and precise event dating to 
enable robust time-to-event analyses. Critically, 
future work should incorporate uniform motor 
and cognitive assessments at baseline and during 
follow-up [e.g., Unified PD Rating Scale (UPDRS) 
and Montreal Cognitive Assessment (MoCA), 
ideally complemented by domain-specific 
cognitive testing] to reliably capture cognitive 
trajectories and differentiate stimulation-, device-, 
and surgery-related effects from underlying 
disease progression. Establishing a coordinated 
registry across high-volume DBS centers, with 
independent event adjudication and stratification 
by indication, target, and device type, would 
provide the statistical power and generalizability 
needed to guide evidence-based postoperative 
care. Embedding and evaluating a structured 
patient-navigation pathway within this framework 
could further determine whether standardized 
postoperative management reduces complications 
and improves QoL. 
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