
414 

 

Am J Exp Clin Res, Vol. 8, No. 1, 2021                                                                                                                             http://www.ajecr.org 

American Journal of 

Experimental and Clinical Research 
 

Am J Exp Clin Res 2021;8(1):414-423 

Review Article 
 

Side effects of deep brain stimulation in Parkinson's disease: 

Recommendations 

 
Fardin Nabizadeh*, Maedeh Khodkam 

Neuroscience Research Group (NRG), Universal Scientific Education and Research Network (USERN), Tehran, Iran 

Abstract. Parkinson's disease (PD) is one of the most common neurodegenerative disorders. Recently, deep brain stimulation (DBS) was 

proposed as a potential therapeutic approach for PD patients. This procedure has side effects that can be divide into three categories: 

stimulation-related, surgery-related, and hardware-related side effects. Stimulation-related complications are also divided into motors such 

as paresthesia and dysarthria, while non-motor contains cognitive decline and depression. The most important complication related to surgery 

is intracerebral hemorrhage (ICH). Side effects related to hardware consist mainly of erosion and infections. Choosing the appropriate patient 

for DBS implantation has a critical role in reducing side effects. Also, adaptive or closed-loop DBS stimulates the brain by adjusting the 

parameters in response to feedback from the body and produce electrical flow in appropriate time. In addition, new directional leads provide 

the ability to shape and steer the current to avoid stimulation of unwanted regions. Moreover, using magnetic resonance imaging (MRI) 

instead of microelectrode recording (MER) allows surgery under general anesthesia and reduces the risk of ICH. Also, interleaving 

stimulation (ILS) can be a second option for those patients for whom conventional programming does not effective. Choosing the right 

trajectory and keeping a distance from the vascular areas during lead placement also reduces the risk of hemorrhage. 

Keywords: Deep brain stimulation; side effects; adaptive DBS; directional leads; microelectrode recording; Parkinson's disease. 

 

Introduction 

Parkinson's disease [1] is the second most common 

neurodegenerative disorder, and more than one million 

people in the United States are affected [2]. PD occur often 

between the age of 55 to 65 and the incidence rate is 1%-2% 

in people above the age of 60 years [3]. The first-line 

treatment option for these patients is the use of 

dopaminergic drugs, which often cause motor disabilities 

[4]. Another treatment option is the use of Deep Brain 

Stimulation (DBS), which is an invasive approach, while it 

has been shown to have considerable therapeutic potential 

[5]. DBS contains implanting electrodes in targeted areas in 

the brain and then producing electrical impulses for 

stimulating the neuron fibers (Fig. 1) [3]. However recent 

studies demonstrated that this procedure also may induce 

side effects, which may be due to the various factors such as 

hardware or surgical procedure or even due to stimulation, 

which leads to various motor and neuropsychiatric problems, 

and also influence the quality of life in patients under such 

treatment [6].  

Nowadays, by the progress made in this field, and also 

utilizing new technologies and previous experiences, the 

side effects of DBS can be preventable. The purpose of this 

study  is  to  review  the  side  effects   and   approaches   to  

minimize them in DBS treatment. 

 

1.1. Stimulation related side effects 

In stimulation of targeted nuclei of the brain, the 

electrical flow may unwantedly spread to other off-targeted 

regions and cause side effects [7]. The side effects can be 

clustered into two categories including motor and non-

motor side effects. 

 

1.1.1. Motor side effects 

Motor complications are not easily recognizable because 

of the association with the disease progression and the dose 

reduction of the medications. Speech problems are proposed 

as an unwanted effect and may occur or aggravate in patients 

with DBS [8] and also are significantly related to the 

amplitude period and stimulation duration [9]. Recent 

studies demonstrated dysarthria is a long-term complication 

that may be worsened by DBS and increased by the 

stimulation of the cortico-spinal tract [7, 10]. Study by 

Tsuboi et al. [11] found that speech and voice problems in 

Parkinson's patients with DBS were worse than those treated 

with medication and strained voice and spastic dysarthria 

occur due to off-target cortico-bulbar tract stimulation [11]. 

Other findings by  the  same  researchers  revealed   that 
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Figure 1. Deep brain stimulation. 

 

incomplete glottal cluster, hyperadduction of the false vocal 

fold, hyper compression, and asymmetric glottal movement 

may occur or be aggravated by DBS and consequently lead 

to strained voice and breathiness in PD patients [12]. 

Furthermore, dyspnea may also be observed due to the 

reduced mobility of epiglottis in DBS-treated patients after 

surgery [13] (Table 1).  

Stimulation of the cortico-bulbar tract, which is part of 

the pyramidal tract, due to current spread causes unwanted 

contractions while, stimulation of medial lemniscus, 

causing paresthesia, which are frequent and long-term side 

effect [14, 15]. According to the findings, eye deviation is 

also reported as a motor complication of DBS in PD patients 

that is believed to be the result of the flow spread into the 

medial oculomotor fiber area [16]. In light of these findings, 

gait and balance problems may occur which can 

significantly reduce the quality of life and increase the risk 

of falls in PD patients [17]. 

In the Balestrino et al. study, 32 patients with 

Parkinson's disease under subthalamic nuclease DBS were 

followed up for 12 months, and the results revealed 84% of 

patients gained an average of 6.7 kg of body weight and over 

half had overweight. This weight gain is probably due to a 

decrease in dyskinesia which leads to lower energy loss and 

an increase in electrode distance from the third ventricle 

which can reduce lateral hypothalamic stimulation, an 

essential area in the control of metabolism and energy 

consumption [18]. 

 

1.1.2. Non-motor side effects 

Many of the side effects caused by the stimulation are 

reversible and may be eliminated by turning off the 

stimulation, but the therapeutic effect is diminished [19]. 

There are multiple reports of neuropsychological problems 

after DBS implantation in PD patients. Cognitive decline is 

one of the most common complications and is known to be 

the result of the disruption of information circuits between 

the cortico-striatal and the limbic cortex by the spreading of 

current to that area [20] (Table 1). Neuropsychiatric 

problems and cognitive decline in reported studies contain 

difficulty with attention, a decline in psychotic speed in 

learning and memory [21]. Additionally,  disruption  of  the  

limbic cycle also induces alterations in mood function and 

causes complications such as depression and mania in DBS 

treated [10, 22]. Depression is a usual side effect after 

implanting electrodes in the subthalamic nucleus [23] and 

Globus pallidus internus (GPi), and similar to apathy can 

progress both due to reduced or discontinued drug use, 

mainly in cases of rapidly reduced levodopa use [24, 

25].  Short-term side effects, such as restlessness and 

hallucination, may happen. Hallucination may worsen if 

present prior operation but does not impair quality of 

life [10]. 

Older age, less responsiveness to levodopa, and higher 

volume of white matter lesions are potential risk factors that 

can induce cognitive decline and should be screened before 

DBS implantation for preventing such complications [26-

28].  

Off-targeted stimulation of the areas close to the limbic 

and substantia nigra reticulate can cause other mood and 

behavioral disorders including acute uncontrollable laughter, 

which is rare [29]. Moreover, stimulation of the limbic area 

may also lead to other rare complications such as 

impulsivity and aggressive behavior [1, 30]. Based on 

previous findings, we can demonstrate that many 

psychological problems after DBS depend on the condition 

and disorders of the patient before surgery [31]. 

 

1.2. Surgery related side effects 

The Major complication related to DBS surgery is 

intracerebral hemorrhage (ICH) [16, 32]. Microelectrode 

recording (MER), rigid cannulas for lead insertion, 

hypertension, and bleeding disorder are factors leads to ICH 

and increase the risk of such side effect [33]. Recent studies 

revealed the risk of bleeding increases with the MER 

method and directly correlated with the number of 

electrodes and occurs between 0.3% and 3.6% per electrode 

track [34]. ICH can be diagnosed by a CT scan after surgery 

and rapidly enlarges. Also, one of the causes can be a direct 

injury to the vessel [35]. A seizure can also occur during or 

shortly after surgery, and ICH may be one of the factors, 

while it appears to be rare after discharge [36, 37]. Also, 

symptomatic brain edema is one of the surgery-related side 

effects which is noninfectious, non-hemorrhagic, and 

delayed, and more common in re-implantation lead than 

new implantation. It may occur along with a seizure a few 

days after surgery while a CT scan demonstrates no edema 

[38]. Pulmonary complications are also listed as side effects 

due to surgical procedures in DBS-treated patients that 

contain pulmonary embolism and pneumonia (Table 1), 

however, they are a common side effect after all types of 

surgery [39].  

As well, misplaced lead is considered as one of the 

challenges during DBS implantation, which may occur as a 

result of multiple reasons.  The inaccuracy of stereotactic 

frame, MRI or CT scan error, the fault of surgeon or 

radiologist, and lack of knowledge of anatomy are the 

factors that cause displacement of lead [40, 41]. 

 

1.3. Hardware related side effects 

Hardware-related complications can occur  in  any  part 
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TABLE 1 

Side effects of deep brain stimulation in Parkinson’s disease
  

 

of the DBS system including the implantable pulse 

generator (IPG), extension cable, and lead (Figure 1)[42]. 

As the DBS device is considered a foreign body, skin 

erosion and infections are occur commonly as a 

consequence of hardware placement [43, 44]. According to 

previous investigations, most infections occur at the IPG 

Pocket location, and the junction between lead and 

extension is the usual site of erosion. Furthermore, the 

erosions are often infectious and Staphylococcus aureus 

account for it most of the time [45]. Other common sites of 

infection are the parietal and frontal areas of the head, where 

the extension wire crosses connect to the lead. Surgery time, 

short period use of prophylactic antibiotic drugs, and 

diabetes are risk factors for infection development.  

There are two ways of implanting an extension wire: in 

the first type, the extension wire passes through one side of 

the neck and divides in front of the chest, then each wire 

going to its IPG device, while in the second type the wires 

passing through the two sides of the neck And beneath the 

clavicle are connected to the IPG on the same side. However, 

based on findings the first type seems to be more likely to 

develop infection [46].  

 

Lead migration is also a challenge that can occur usually 

after a long time in consequence of various factors. 

Although it can be easily diagnosed by Magnetic resonance 

imaging (MRI) after surgery, and in case of reduced 

efficacy, it must be repositioned by the surgeon [47].  

Any error and dysfunction in the DBS system may 

account for side effects, including battery drain, lead 

fracture, malfunction of the IPG and lead, cable 

disconnection, IPG dislocation, and pain in the insertion site 

due to severe shocks, shock, or Other causes [19, 48] (Table 

1). One of the rare complications reported is coughing, 

which is thought to occur due to the proximity of the 

extension cable to the vagus nerve, however, this is the only 

mechanism that can explain such complication in PD 

patients treated with DBS [49]. 

 

2. Recommendations for minimizing side effects 

 

2.1. Target selecting 

Target selection is one of the most critical issues in DBS 

implanting. Currently, the most identified targets for 

electrode placement in PD  patients  are  the   subthalamic 

Surgery related Hardware

Intracerebral hemorrhage Post-surgery infection in area

Post-surgery headache Disseminated infection

Ventricle puncture Coughing

Partial hematoma Skin infection

Pneumocephalus Erosion

Edema Lead fracture

Seizure Lead migration

Deep venous thrombosis Lead failure

Pneumonia IPG malfunction

Deep cerebral venous hemorrhage Other parts fracture or failure

Sterile seroma IPG migration

Pulmonary embolism Pain in IPG area

Misplaced lead

Dysphagia / STN, GPi

Swallowing problems / STN, GPi

Motor / Target    Non-motor / Target

Strained voice / STN

Breathiness / STN

Dyskinesias / STN

Muscle contraction / STN, Gpi, 

Vim

Heart sensation / GPi

Sweating / STN

Muscular cramp / STN

Dystonia / STN

Ataxia / STN, Vim

Dysphonia / STN Impulsivity / STN

Postural instability / STN, Vim Visual phenomena / GPi

Apraxia of eyelid opening / STN Anxiety / STN

Resting tremor / STN, GPi Sexual disturbance / STN

Bradykinesia / STN, GPi Hallucination / STN

Gait abnormalities / STN, GPi Restlessness / STN

Dyspnea / STN Behavior problems / STN, GPi

Freezing / STN, GPi Acute uncontrollable laughter / STN

Rigidity / STN, GPi Depression / STN, GPi

Paresthesias / STN, Vim Aggressive  behavior / STN

Eye deviation / STN, Vim Suicide / STN

Weight gain / STN Cognitive impairments / STN, GPi

Stimulation related

Dysarthria / STN/GPi/Vim Hypomania / STN

Dizziness / STN/Vim Psychotic symptoms / STN

Imbalance / STN Apathy / STN, GPi
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nucleus [23] and globus pallidus internus (GPi), while many 

studies have compared these targets and did not report a 

significant advantage. A study by Boel et al. in an 

investigation of STN and GPi DBS treated patients found 

that after three years of follow-up, there was no significant 

difference in cognitive and psychological outcomes [50]. 

Okun's study also found little difference in motor 

performance improvement and cognitive and psychological 

complications [51]. However, another study found that 

patients treated with STN DBS had a more significant 

reduction in dopaminergic drug use, and therefore 

experienced more cognitive and psychological effects 

compared to patients with GPi DBS [51]. In contrast, a 

different study preferred STN because of achieving higher 

scores in most criteria and suggested it as an ideal target for 

those with drug-related complications [53]. 

 

2.2. Patient selection 

In addition to target selection, choosing the appropriate 

candidate for DBS operation is a v issue in developing future 

side effects, and improving therapeutic efficiency. Many of 

the complications experienced after implantation may 

previously be present and worsened by DBS [28]. Routinely, 

in most clinical centers, patients with at least five years of 

progressive Parkinsonism, levodopa responsive with at least 

30% improvement in Unified PD Rating Scale (UPDRS) by 

dopaminergic therapy are chosen for DBS surgery [54, 55]. 

Besides, the use of DBS in the early stages of the disease is 

currently being discussed and there were some 

advantages [23, 56, 57]. However, the early use of DBS may 

cause several obstacles, including the detection of early-

stage symptoms of atypical Parkinson's, which may overlap 

with Parkinson's disease, and alternatively, later on, 

symptoms appear  [58, 59]. Recent studies indicated older 

people have more potential for experience side effects such 

as cognitive decline  [28], and also the presence of any 

mental disorders may trigger psychological complications 

for that it should be considered when selecting a 

candidate [31]. Based on different reports anemia, BMI> 30, 

and diabetes are also related to DBS complications and must 

be screened by a surgeon and neurologist before implanting 

[60]. 

 

2.3. MRI or MER?; local or general anesthesia 

The stimulation field is typically small, and the 

appropriate outcome depends on its targeting accuracy with 

minimal deviation, which is said to be less than 2mm for 

efficient stimulation [61]. For a long time, MRI was only 

utilized for preoperative imaging and had some difficulties. 

In this method, the physician was installing the stereotactic 

head frame on the patient the day before surgery and then 

performing an MRI scan. One disadvantage is that MRI is 

time-consuming and it was difficult for patients with motor 

problems to control their movement during scanning and 

stay motionless, and additionally, it was more difficult for 

Parkinson's patients while they are in the off-drug phase and 

experience a lot of tremors. Though, currently, a 

combination of MRI and CT scan has been proposed for pre-

surgery imaging, which has multiple advantages. This 

approach allows patients to be on drugs, which makes 

patients feel comfortable and improves imaging accuracy 

and also CT scan significantly reduces the time before 

surgery. This technique provides a deviation of 0.5-0.6 mm, 

which significantly minimizes side effects and improves 

therapeutic outcomes [62-65]. 

The success of the operation depends on the accuracy of the 

lead implanting in the target nucleus, which is commonly 

done by preoperative stereotactic planning, the use of 

intraoperative MER, and macro electrode stimulation to 

determine the range between side effects and clinical 

outcomes [66]. In utilizing MER, the patient must be awake 

and under local anesthesia for testing the accuracy and 

efficacy of electrode placement, while surgery in the awake 

state for older patients and those with physical disabilities, 

causing problems such as stress and fatigue and reducing 

their desire to participate. Also, the use of MER during 

surgery can complicate the process and increase the time it 

takes, so the incidence of infections increases and, on the 

other hand, requires a lot of experience [67]. Advances in 

intraoperative imaging allow direct visualization within 

DBS implanting [68]. Intraoperative imaging can eradicate 

our need for conventional, frame-based lead implantation.  

Furthermore, increased experience and advancement in 

MRI imaging may allow accurate placement in the patient 

under general anesthesia without the use of MER, with 

comparable clinical results [69]. Currently, Electrode 

placement with direct image guidance by intraoperative 

real-time imaging is under investigation. This method 

simplifies the DBS insertion process due to the lack of MER 

use and the increased tendency of patients [67]. Several 

reports have stated that this method based on direct imaging 

has acceptable results compared to using MER. In Starr et 

al. study, lead insertion for PD patients was performed using 

a frameless system and intraoperative MRI guidance under 

general anesthesia. While there is no MER using, results 

showed significant clinical improvement in outcomes of 

UPDRS part III 9 months after surgery [70]. In another 

study that investigated DBS electrode placement under 

anesthesia using Nexframe and intraoperative CT for lead 

verification, accuracy was comparable with MER [71]. As 

previously described the use of MER increases the risk of 

ICH and also is directly associated with the number of tracks 

[47, 72].  

Surgery under general anesthesia is recommended for those 

who are not eligible for surgery on the awake condition. 

Various factors such as severe anxiety and cardiovascular or 

pulmonary problems lead the patient to have surgery under 

general anesthesia, and also there are some advantages such 

as reducing stress and pain in the patient [73]. The use of 

MR imaging is less accurate than 3D mapping using MER, 

but advances in MR imaging, better protocols, and higher 

resolution have allowed many clinical centers to adopt this 

approach [72, 74]. Implantation on awake state and local 

anesthesia allows the neurological team to arrive at an 

appropriate clinical response to improve the symptoms and 

side effects caused by the spread of electrical current to 

surrounding tissues [75]. Also using MER and getting the 

right response increases the length of surgery. DBS 

implantation can now be performed under general 

anesthesia, but this  modification  should  not  reduce   DBS  
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efficacy and make postoperative management difficult [76]. 

Baumgarten and colleagues proposed a data-driven or 

artificial intelligence-based method to predict the pyramidal 

tract side effect after STN and GPi stimulation. The 

pyramidal tract side effect is one of the most common side 

effects of DBS and causes muscle contraction due to the 

stimulation of cortico-bulbar and corticospinal fibers [14, 

77]. This method is based on an artificial neural network and 

predicts the upper limit of the therapeutic window based on 

the three-dimensional coordinates of the electrode and the 

electrical current spread by the stimulation. The therapeutic 

window is defined by the lower limit, which is the least 

stimulus required to improve disease symptoms, and the 

upper limit is defined as the threshold for side effect 

appearance. Safe surgery can be performed with direct 

imaging instead of MER, and under general anesthesia, 

while the time of surgery is significantly reduced, the patient 

feels comfortable, and the risk of ICH and infection is 

reduced [76]. 

 

2.4. Programming 

After DBS insertion, initial programming should be 

performed. The purpose of this primary programming is to 

adjust the appropriate stimulation parameters to deliver 

stimulation to areas responsible for symptoms, as well as to 

prevent the stimulation of structures that cause side effects 

and also setting parameters according to drug settings [78]. 

There are several programming standards, including close 

bipolar, where the cathode and anode are adjacent to the 

contacts and ability to limit the spread of current to the 

unwanted areas, increase the side effect threshold, and 

providing a wider therapeutic window compared to 

Monopolar stimulation where the cathode is adjacent to the 

contact and the anode is in the battery or vice versa [79]. 

Contemporary adjustment of pulse width and Amplitude 

also can prevent the current from spreading [78]. Recent 

reports suggested that the use of low-frequency stimulation 

(60-80Hz) improves axial symptoms, including the freezing 

of gait, dysarthria, and postural control [80, 81]. In light of 

this, shorter pulse width also reduces the activation of 

surrounding fibers, and reducing the pulse width as standard 

from 60µs to 30µs at the primary programming minimizes 

side effects and improves disease symptoms with less power 

consumption, although the 30µs pulse width may not be 

optimal but is better than standard 60µs [82]. The 

programmer's physician will always set the constant pulse 

width and frequency and then gradually increase the voltage 

to determine the therapeutic outcomes and side effects [83].  

The level of rigidity of the muscles is a rapid and 

permanent responder to stimulation effect and also is 

suitable for side effect thresholding and DBS adjustment 

[84]. Costa and colleagues designed a novel system to 

measure wrist rigidity with a new device that can be used to 

adjust the appropriate and optimal stimulation parameters to 

minimize side effects (85). Previously wrist rigidity was 

scored by a semi-quantitative scale [86]. 

Interleaving stimulation [ILS] is a new technique for 

programming that provides more control on stimulation 

optimization as well as reducing disease symptoms and the 

 
 

Fig. 2 (A) Conventional leads, (B) Directional leads. 

 

side effects due to stimulation. In the ILS method, there are 

two programs with their amplitude, pulse width, and active 

electrode different from each other while switching 

intermittently [87]. In the Zhang et al. study, ILS was 

performed on four groups of patients, including stimulation-

induced dysarthria and dyskinesia, gait disturbance, and 

incomplete control of Parkinsonism. The results showed a 

significant improvement in symptoms as well as a 

significant decrease in stimulation-induced side effects. 

They improved an average of 26.9% on UPDRS. Despite 

this, they suggest ILS as a second option for those who are 

not able to control PD symptoms by regular programming 

or exhibit stimulation-induced side effects, since ILS may 

not suitable for all [88]. 

 

2.5. Directional leads 

The dorsolateral segment of STN is the most preferred 

target for stimulation in PD. Stimulation of this small area 

by conventional leads with four contacts requires very high 

accuracy placement, and often it is impossible to prevent the 

current from spreading to surrounding fibers and thus 

induce side effects (Fig. 2). Although programming 

techniques such as ILS or short pulse width are able to 

increase the threshold of side effects, they cannot handle the 

problems of omnidirectional stimulation [89, 90]. 

Conventional DBS technology uses a single-source 

voltage-controlled stimulation. With the advance of DBS 

devices, current-controlled systems with multiple 

independent sources have been developed which allow 

directional stimulation (Fig. 2) [91]. New directional leads 

provide the ability to shape and steer the current to avoid 

stimulation of unwanted regions [92]. One of the most 

crucial issues in using conventional leads is in the wrong 

placement of leads, there is no possibility to stimulate 

targeted areas, and besides in such condition, the only way 

is increasing stimulation and then current spreading to 

unwanted regions [89, 93], but directional leads can 

overcome this limitation and stimulate the targeted areas if 

displaced [94]. 

Several types of directional leads are nowadays used, 

such as the "vercise lead" (Boston scientific), which has 

eight contacts and allows independent adjustment of the 

current of each contact [94]. The "HD lead" (Medtronic 

Eindhoven design center), which has 32 contacts, is more 

accurate in-depth and capable of steering current [93]. 
"Direct SUM" (Aleva neurotherapeutics),   which    has    a  

quadrupolar lead  with four rings, increases  the   side effect 

threshold   [91].   "SureSTIM"  [sapiens],   which   has   32 
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contacts, allows us to stimulate the optimal area and allow a 

wider therapeutic window [91]. 

In the final, a study found that Bipolar directional 

stimulation increased the side effect threshold compared to 

the bipolar circular and monopolar directional, and 

furthermore there is no side effect up to 10 mA 

amplitude [95]. 

 

2.6. Adaptive or closed-loop DBS 

In regular DBS called open loop, parameters are set for 

a while and adjusted by the physician at each visit, and 

settings and voltage keep constant until the next visit, while 

the patient's conditions may change [96]. Moreover, there is 

no guarantee the stimulation remains effective [83]. 

Nevertheless, in a newly introduced method called adaptive 

or closed-loop DBS, stimulation is given when needed by 

adapting real-time stimulation parameters in response to 

brain feedback which reflects the patient's clinical condition, 

and in such a technique, the parameters are automatically set 

and self-adjusted. The purpose of adaptive DBS is to 

optimize the stimulation according to the patient's condition, 

as well as reduce side effects, consume less energy and thus 

longer battery life and provide a greater therapeutic 

potential [97]. As we can see advances in machine learning 

technology have good potential to be applied to these 

devices [91, 98]. The success of this method relies on 

utilizing accurate biomarkers with high sensitivity and 

correctly displaying patient conditions for controlling 

stimulation. One of these biomarkers is oscillations in the 

beta frequency range (13-30Hz) [99]. The recent finding 

revealed that adaptive DBS in PD patients significantly 

reduced speech side effects and improved motor 

performance compared to conventional DBS in an Acute 

setting [100]. Moreover, other reports emphasized the better 

therapeutic outcomes of adaptive DBS compare to regular 

open-loop devices [97, 101]. 

 

2.7. Procedure 

One of the ways that should be considered to minimizing 

hardware and surgical-related side effects is correct 

implantation of the lead and the other part of the DBS 

system. The electrode path should be very precise to prevent 

ICH, and also special attention should be taken to avoid any 

contact to sulcus, deeper sulci, and ventricles, as well as, 

there must be at least 2 mm distance from the ventricular 

wall and rich vascular areas. The surgical plan should be 

accurately adjusted to avoid any interaction with the dural 

and cortical vein [102]. Also, a case report study 

demonstrates choosing a lateral angle in approach may 

reduce side effects, such as dysarthria and dystonia, while 

also this lateral angle may protect vascular and reduce the 

risk of hemorrhage [103]. However, further investigations 

are necessary to confirm this finding. 

In addition, to reducing erosions in thin individuals it is 

better to place the device inside the muscle and away from 

the skin. Also, nonlinear incision and avoiding placing the 

device right under the suture line appears to be effective in 

reducing possible side effects [47]. Furthermore, it should 

be suggested that to preventing rare complications such as 

coughing which is related to the vagus nerve, the extension   

wire should be far from the vagus in the neck [49]. 

 

2.8. Caring 

Some medications prescribed may cause complications 

in a patient with DBS, there is a report revealed that using 

Mirabegron, which is prescribed for urinary incontinence 

and triggers dyskinesia in DBS-treated PD patients [104]. 

Radiation therapy may also disrupt the IPG, for that, this 

issue needs to be addressed [105]. 

The role of nursing before and after surgery is vital. The 

nurse must be acquainted with surgery criteria and should 

be involved in candidate selection and carry the duties and 

procedure of the operation step by step. During the hospital, 

the medical team must be aware of any motor and non-motor 

symptoms, pain, sleep, constipation, and urinary problems. 

The nurse should also assist the physician in programming 

the DBS and report progress and complications rapidly. 

After being discharged, the nurse should regularly report the 

results of stimulation and complications such as skin 

infections and erosions to the therapy team [32, 106, 107]. 

 

Conclusion 

Many of the side effects of DBS are preventable and can 

be minimized using new recommendations and techniques. 

Choosing the right candidate while considering the patient's 

previous mental disorders and problems, not using 

intraoperative MER to reduce ICH risk instead of using MR 

imaging and data-driven method, and also surgery under 

general anesthesia can be ideal conditions for DBS 

implantation in PD patients. However, direct imaging 

during surgery should not reduce accuracy. The use of new 

technologies such as directional leads dramatically reduces 

side effects based on findings and is strongly recommended. 

Also, the application of adaptive DBS provides smart 

stimulation of the brain nucleus, increasing efficiency, and 

reducing side effects. Starting the programming with a 

shorter amplitude can improve the outcomes. If there is no 

improvement in regular programming, ILS can be an 

appropriate candidate for reducing complications and 

reaching therapeutic results. Furthermore, choosing the 

accurate plan for surgery while considering the distance 

from rich vascular areas and selecting a more lateral angle 

can help reduce side effects. Postoperative and post-

discharge care is also critical, and patients should be 

regularly visited, and their progress and side effects 

monitored. It seems that there is no significant difference 

between STN and GPi in DBS implantation while side 

effects were considered, but if drug-related complications 

exist, the STN may provide better results. 
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