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Deep Brain Stimulation: Complications and Attempts at Avoiding Them

Roy A.E. Bakay* and Adam P. Smith

Rush University Medical Center, Department of Neurosurgery, 1725 W. Harrison Street, Suite 970, Chicago, IL 60612,

USA

Abstract: Deep brain stimulation is the most frequent neurosurgical procedure for movement disorders. While this elec-
tive procedure is well-tolerated by most patients and very effective, it is not free of complications. These may occur at any
step in the DBS procedure, starting with patient selection but may also occur years post-operatively. Most early problems
relate to hemorrhage and infection, while most late complications are secondary to hardware failure. This review analyzes
the complications that may occur, with emphasis on surgery-related complications for movement disorders and ways to
avoid them. While these risks are very low in comparison to other neurosurgical procedures, DBS is still an elective pro-

cedure that necessitates extensive care and precision.
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DEEP BRAIN STIMULATION: COMPLICATIONS
AND ATTEMPTS OF AVOIDING

Deep brain stimulation (DBS) is the most frequent neuro-
surgical procedure for movement disorders such as Parkin-
son’s disease (PD), dystonia, and essential tremor (ET). In
addition, new applications such as obsessive compulsive
disorder, Tourette's syndrome, depression, cluster headache,
and epilepsy are increasingly being investigated and may be
approved Federal Drug Administration (FDA) in the future.
While this elective procedure is well-tolerated by most pa-
tients and can be very safely performed, it is not free of
complications. These may occur at any step in the DBS
procedure, from preoperative patient selection to years post-
operatively. This review analyzes the complications that may
occur, with emphasis on surgery-related complications for
movement disorders, and ways to avoid them.

PRE-OPERATIVE CONSIDERATIONS
Patient Selection

This first step in achieving a successful surgery is to op-
erate on the appropriate patient. While patient selection is
primarily made by the referring neurologist, it is crucial for
the neurosurgeon to concur on the diagnosis, therapeutic
approach and viability of the patient as a surgical candidate.
It is the surgeon who is ultimately responsible for the opera-
tion. In 1999, the Core Assessment Program for Surgical
Interventional Therapies in Parkinson’s Disease (CAPSIT-
PD) was designed to provide guidelines for patient selection
[1]. These guidelines describe the following criteria: 1) the
presence of two or more of the cardinal features of PD, one
of which must be tremor or bradykinesia; 2) exclusion of
patients with atypical parkinsonism; 3) disease duration of at
least 5 years; and 4) at least a 30% improvement in the
UPDRS-III (motor) score on dopaminergic agents. More
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recently, the Movement Disorder Society created a newer
version of the UPDRS which integrates the non-motor PD
symptoms [2]. The rationale for exclusion of patients with
neuropsychological disability or "Parkinson-plus" type syn-
dromes is that these are the least likely to improve and most
likely to have complications. Similarly, inclusion of patients
with very advanced age, those who do not respond well to L-
dopa, those who have severe symptoms in the “on” state are
the least likely to improve and most likely to have complica-
tions. Furthermore, best results are commonly achieved in
tremor, rigidity, and bradykinesia, while “on” gait problems
and postural instability poorly responds. While these are not
steadfast rules, they are practice-based recommendations.
The predominance of non-dopaminergic responsive symp-
toms is also associated with poor responses. Deviating from
these criteria does not guarantee DBS failure, but will com-
monly lead to less-satisfying results and higher rate of
complications.

Patient selection for dystonia and ET is less well defined,
as no CAPSIT-like criteria have been formulated. Regarding
dystonia, patients with idiopathic primary generalized are
considered good surgical candidates. Similarly, genetic
forms of dystonia, most commonly involving the DYT1
gene, are considered excellent surgical candidates. Some
forms of secondary dystonia respond to DBS, but rarely to
the degree observed in primary dystonia patients. In addition,
those with appendicular symptoms tend to respond better
than those with axial symptoms. For ET, it is commonly ob-
served that postural and distal tremors respond to DBS better
than kinetic and proximal tremors, and axial tremor usually
requires bilateral lead placement for response [3]. Unfortu-
nately, a subset of ET patients have been shown to lose the
effectiveness of their DBS, often requiring additional surgi-
cal procedures.

For any DBS surgery, the cognitive status and age of the
patient must be assessed, especially in the case of bilateral
stimulator placement. Physiological age is more important
than chronological age. While debate exists regarding effec-
tiveness of unilateral versus bilateral procedures, it is well
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Fig. (1). Thisisa CT scan which shows injury to the cerebellar hemisphere on the right from over-vigorous tightening of the head pin result-

ing in skull fracture and cerebellar contusion.

known that the complication rates for post-operative confu-
sion, speech difficulties, and overall cognition are lower with
unilateral procedures [4-6]. Specifically, multiple reports
describe irreversible dementia after bilateral subthalamic
nucleus (STN) DBS in patients whose mental status was
borderline pre-operatively [7-9]. In other studies, patients
older than 69 years demonstrated higher risk for complica-
tions and mental deterioration after STN DBS [10-12]. A
recent multicenter randomized study comparing best medical
therapy to DBS in advanced PD verified that DBS patients
older than 70 years experienced significant improvement but
also had higher rates of adverse events [13].

Lastly, all patients undergoing DBS procedures should
have proper medical clearance for the procedure and be able
to tolerate surgery. Pre-operatively, blood pressure must be
well controlled and depression must be treated and stable.
Patients should be off any antiplatelet or anticoagulant medi-
cations two weeks prior to surgery.

Choosing Location

While operating on the appropriate patient is crucial, of
potentially equal importance is selecting the best operative
target for each individual patient. Both the STN and globus
pallidus interna (GPi) are the most common targets for PD,
and a prospective randomized study failed to show signifi-
cant efficacy differences between the two locations [14].
While we await a large multicenter randomized trial, most
prefer STN because of the ease of targeting and ability to
dramatically reduce L-dopa therapy, while others prefer GPi
because psychiatric and cognitive decline is less common
than in STN. The peduculopontine nucleus has also been
studied recently and is an anticipated target to combat pos-
tural and gait symptoms in advanced disease [15]. For dysto-
nia and ET, the GPi and ventral intermediate nucleus of the
thalamus (VIM), respectively, are most commonly targeted
but STN has also been used for these disorders. It remains to
be determined if clinical outcome and complication rates are
different in these different target sites.

Pre-Operative Imaging

DBS is a stereotactic procedure requiring the use of pre-
operative imaging to identify the target. Magnetic resonance
imaging (MRI) is most commonly performed, but computed
tomography (CT) is sometimes utilized. Increasingly, fusion
of both CT and MR images by a computer stereotactic pro-
gram is used for intra-operative guidance. Applications of
frames or bone fiduciaries are rarely subject to minor com-
plication such as skull fracture, loss of registration, etc. (Fig.
1). There appears to be no inherent risks to imaging itself,
but poor image quality may drastically affect accuracy of
lead placement. With a 1.5 tesla (T) MRI standard in most
hospitals and complications attributable to imaging are rare.
More critical is potential human error in incorrectly identify-
ing the target. It will be interesting to observe if with the
introduction of 3T MRI’s whether even higher power MRI’s
will provide even better target localization and decreased
human error by better target elucidation on the pre-operative
scans. Image fusion is another potential source for error.

Pre-operative imaging often can provide useful informa-
tion to help avoid intraoperative complications. Large ves-
sels on the surface and within sulci can be visualized and
entry points should be adjusted accordingly. Similarly, it has
been shown that targeting error may be attributable to trajec-
tories passing through the ventricle. This can easily be pre-
vented by using current technology to plan trajectories
avoiding the lateral ventricle [12]. Lastly, cerebral atrophy in
itself is not a contraindication to DBS placement, but severe
atrophy may affect targeting due to intraoperative brain shift
[16].

OPERATIVE COMPLICATIONS

Operative complications range from serious life-
threatening issues, such as hemorrhage, venous infarction,
and various extra-cerebral problems to more benign entities.
Hemodynamic complications are common: hypertension
(59%), hypotension (7.9%), tachycardia (6.2%), and brady-
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cardia (18%) [17]. These potential problems speak to the
need for an experienced anesthesia team.

Venous Air Embolism (VAE)

Intraoperative pulmonary embolism has been reported
more commonly in neurosurgical procedures when the pa-
tient is in the sitting positioned [18]. Accordingly, DBS pro-
cedures, which are frequently performed in the semi-seated
position, predispose the patient to similar risk. In contrast,
however, this diagnosis is much more difficult in a non-
intubated patient without the available end-tidal CO,, pre-
cordial Doppler, or transesophageal monitors. Critical find-
ings suggesting VAE are acute onset of intraoperative cough,
abrupt change in mental status, hemodynamic instability, and
decline in O, saturation. Placement of a precordial Doppler
may supplement these findings to aid the diagnosis. Fortu-
nately, VAE has been reported rarely, although surgeons
should be aware of the potential complication [19, 20]. VAE
during DBS procedures will most commonly occur just after
burr hole placement. Therefore, quick irrigation of the burr
hole copious volumes of saline and sealing with bone wax or
fibrin glue should occur as soon as possible. Hypovolemic
patients who are awake and breathing spontaneously, typical
of many DBS patients, are at high risk due to negative intra-
thoracic pressures [21]. Incidentally, coughing has been a
correlated to instigate the event, and has been thought to
induce VAE in sitting position patients via the release of
cytokines and complement after coughing-induced vasocon-
striction and bronchoconstriction [22]. Performing the burr
hole in the supine position and later elevating the patient to
the semi-seated position is another means to try and reduce
the incidence of VAE.
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Infarction

Venous infarction is also a known complication of DBS,
most commonly occurring from transection or coagulation of
large draining veins at the site of the burr hole. Placing the
burr hole anterior to the coronal suture and as far off midline
as possible will decrease the likelihood of a symptomatic
complication (Fig. 2). Furthermore, careful attention to vas-
culature on pre-operative imaging may avoid this complica-
tion. The incidence of venous infarction is extremely low,
occurring in 0.9% of patients in one series [23]. Deep sub-
cortical infarcts have also been reported in the literature.
Sutton et al., 2004 [24] reported subthalamic nucleus and
thalamic ischemia during DBS microelectrode recording.
Novak et al., 2006 [25] also reported two cases of ischemia
after microelectrode recording of the subthalamic nucleus.
The true incidence of deep infarcts is unknown, largely due
to unrecognized clinical sequelae or inconsistent follow-up
imaging. This may be difficult to distinguish from microle-
sion effect from microelectrode or lead placement [26]. Deep
infarctions during ablative movement disorder procedures
have been studied, and a correlation to pre-existing vascular
disease has been recognized [27]. The majority of deep in-
farcts reported after DBS procedures tend to also be associ-
ated with small-vessel disease. While some of these cases
were identified on post-operative imaging, a few had micro-
electrode recording silencing noted intraoperatively. As si-
lencing also occurs when the electrode is in edematous or
non-cellular areas of the brain, this sign is not diagnostic for
infarction, but should raise suspicion especially in high-risk
patients. The actual mechanism of deep infarction is un-
known, although vasospasm from stimulation or lead com-

(A)

(B)

Fig. (2). This venous phase of an arteriogram (A) demonstrates the lack of venous drainage on the left and a partial occlusion of the sagittal
sinus from a blood clot. This is the result of a burr hole too close to the sagittal sinus damaging both the draining vein and the sinus. The
result is demonstrated in Fig. (2B) where venous infarction is observed on MRI.
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pression, as well as microvascular vessel rupture are postu-
lated theories.

Seizure

Intraoperative or post-operative seizures, due to localized
ischemia and/or hemorrhagic cortical irritation at the lead
entry site, have been previously reported [26, 28-31]. The
actual incidence is unknown, but is thought to be similar to
the risk of seizure after ventricular shunt placement, which
has a rate of less than 5% during the first year [32]. Recent
review reports rates from 0 to 14% and overall risk approxi-
mately 2.4% [33]. Because of this low risk, and in accor-
dance with ventricular shunt procedures, the risk of medica-
tion induced side effects probably outweighs the risk of sei-
zure. Therefore, the prophylactic use of anticonvulsant
agents in DBS surgery in not recommended.

Hemorrhage

Symptomatic subdural hemorrhages do occur, but are
very uncommon (<1%) [34]. Symptomatic intracerebral
hemorrhage from all stereotactic surgery, including ablation,
has been reported to occur between 1-5% [35-40]. The inci-
dence in DBS procedures is low, ranging from 0.7-3.3% per
lead with a permanent morbidity of 0.6-0.8% [28, 41-43].
The potential for hemorrhage increases with age and preex-
isting hypertension but this has not always been confirmed
[11, 40, 42, 44, 45]. The increased risk of hemorrhage occurs
more frequently in the hypertensive patient (10.7% in hyper-
tensive patients compared to 0.91% in normotensive pa-
tients) in one study [45]. We believe vigilant intraoperative
blood pressure monitoring to keep the mean pressure at or
below 90mm Hg is helpful in reducing the risk of this com-
plication. Furthermore, careful pre-operative planning to
avoid all potential vessels crossing the proposed trajectory
may be crucial to avoidance of this complication. Passage
through the ventricle may increase the risk of hemorrhage
[42]. Hemorrhage in the pocket for the impulse pulse genera-
tor (IPG) is a rare problem and usually does not require sur-
gery unless the suture line is at risk.

Microelectrode Recording (MER)

Most functional surgeons use electrophysiology to de-
termine the final target location. Thus, microelectrode re-
cordings (MER) and/or macrostimulation is used to “define”
the target nucleus and identify the optimal location for final
lead placement. Due to the additional data attained with
MER, it is used in most centers. Multiple studies verify the
safety of MER [13, 28, 30, 39, 44, 46-48]. Some reviews
suggest a trend toward an increased incidence of hemorrhage
when MER is used and especially with multiple MER passes
[30, 45, 48] but others have not found such a trend [41, 42].
However, this is in comparison to the overall risk of hemor-
rhage in stereotactic procedures for movement disorders
which ranges from 1-3%, so no definitive conclusions can be
established (Fig. 3). Furthermore, the type of microelectrode
may make a difference [44]. Although its usefulness has
been questioned for routine use, due to the potential in-
creased risk of hemorrhage with multiple parenchymal
passes and potential increased incidence of infection due to
prolonged surgical time, there is no statistically valid evi-
dence of increased hemorrhage rates with MER or secondary
to multiple passes. Most neurosurgeons use MER in their
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DBS procedures, believing the additional data outweighs the
potential risk of hemorrhage.

Fig. (3). This MR image demonstrates the edema surrounding a
tract seen on the left. In addition, there are hemorrhagic changes
observed on the right. This is not from MER or DBS leads but actu-
ally from transplantation catheters and demonstrates that simply
passage of tubes through the brain has risks.

Pulmonary Embolism

Pulmonary embolism occurring in the early post-
operative setting after neurosurgical procedures ranges from
0.4 to 4.9%, with mortality from such ranging from 8.6 to
59.4% [35]. This complication, including death from pulmo-
nary embolism, has been reported following DBS procedures
in scattered reports [12, 17, 31, 49]. Standard prophylaxis
through the use of compressive boots or stockings and early
mobilization with rehabilitation therapy are believed essen-
tial to help avoid this complication. Prophylactic dose subcu-
taneous anticoagulants may be helpful in patients with pro-
longed immobility.

POST-OPERATIVE COMPLICATIONS
Device-Related Complications

Device-related complications include infection and/or
erosion, electrode disconnection or fracture, migration, and
IPG malfunction. The more common complications will be
discussed but pain, cerebrospinal fluid (CSF) leak, ballism,
eye lid apraxia, hepatic failure, respiratory failure, foreign
body reaction, pulmonary embolus, etc. are very uncommon
(<1%) and will not be discussed in detail.

Infection

The DBS hardware is a foreign body and is therefore
prone to infection. There is a 4-12.2% risk per patient or 1.5-
9.7% risk per lead of perioperative infection [13, 40, 43, 46,
50-53]. The most common organism cited in the literature is
Staphylococcus aureus. Infection incidence reporting, how-
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Fig. (4). This is an unusual erosion where the extension lead eroded through the skin. Simple removal of the extension lead and replacement

was performed without loss of function.

ever, is complicated in that different authors often use vastly
different definitions for infections. Infections can grossly be
divided into superficial versus deep, and early versus late.
Superficial infections appear to be the most common. One
series reported a 5.7% skin infection rate, with 1.5% occur-
ring within the first month and 6.1% thereafter. Mean time to
first signs of infection was 3.7 months amongst 15 of the 262
patients who experienced infection [43]. This highlights that
even superficial infections often occur later, after the tradi-
tional perioperative time. At our institution we record an
overall 2.8% infection rate, with 1.4% being superficial skin
infections. To combat all types of infection, routine use of
prophylactic antibiotics perioperatively is recommended. We
copiously irrigate the operative field with vancomycin (or
bacitracin if allergic) irrigation throughout the procedure and
before approximating the skin at the end of the procedure.
We use an intravenous cephalosporin (or cleocin if allergic)
perioperatively and for twenty-four hours after the proce-
dure. We then continue with an oral antibiotic for up to 5
days postoperatively. Additionally, we cover the Stimloc
system with pericranium and bury the lead and connector
below the temporalis fascia to further deter wound break-
down and infection.

Once infected, antibiotic therapy alone for non-
superficial infections involving the hardware is of limited
utility. Surgical debridement, with or without hardware re-
moval, is often warranted. The degree and location of infec-
tion dictates if and how much of the DBS system may need
to be removed and later replaced. At our institution, we treat
all deep infections with surgical debridement and intrave-
nous antibiotics. We have a 60% success rate in salvaging
leads with debridement and antibiotics without hardware
removal. Failures occurred with gram negative organisms
and co-morbidities such as diabetes. In other series, partial or
complete hardware removal is reported as low as 4.6% [43,
54]. Others never have had to remove an infected lead.
Commonly, attempts at only partial hardware removal of the

IPG or lead extender are preferable and often sufficient com-
pared to the complete removal.

The device, even in low profile models, is prominent
under the scalp, neck, or subclavicular tissues. This unfortu-
nately predisposes to erosion through the skin and risk for
infection. Currently, the most common site of erosion is at
the connection site between the DBS lead and extension
lead. Of interest, in one series involving few deep hardware-
related infections associated with erosions, the majority
(68%) arose from the IPG [54]. However, if erosion is pre-
sent, the site of erosion is almost always infected (Fig. 4).
The combined deep infection and erosion rates have been
reported between 1.5-15.2% [9, 13, 28, 30, 31, 40, 43, 46,
50, 51, 55]. Including erosions, the infection rate at our insti-
tution is 3.4%. It is important to note, however, that these
two entities do not always occur in conjunction, but requires
breakdown of the skin covering the IPG when they do. Infec-
tions can occur late after surgery without erosion, and ero-
sion can occur early after surgery without infection. In the
case of erosion with infection, surgical debridement is cru-
cial and hardware often needs to be removed since antibiot-
ics alone will unlikely suffice. In the event of erosion with
negative cultures, it is at the surgeon’s discretion for man-
agement. In one series, the reported rate of erosion alone,
without infection, was 1.5% [50]. Whatever the cause, the
erosion must be dealt with if successful treatment is to be
accomplished. The use of low-profile hardware placed deep
(IPGs implanted within the muscle of thin patients) and
away from the incision lines theoretically should decrease
the incidence of erosion. There is also the option of IPG
placement in the abdomen, but that may increase the risk of
migration and other complications.

Although not statistically significant, the Kinetra double-
channel device appears to have an increased infection rate
compared to either the Soletra or Itrel 11 single-channel de-
vices, most likely due to the smaller size of the latter two
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[54]. The subcutaneous pocket created in the subclavicular
tissue to house the IPG may be too large or disrupt lymphat-
ics. Within this pocket, a seroma may form with a potential
to develop incisional breakdown or subsequent infection
exists. Although most will spontaneously resolve, a seroma
may be treated with antibiotic prophylaxis and occasionally
needs to be aspirated to relieve pressure on the suture line.
The greatest concern is to salvage the DBS lead and we will
always try to preserve it. Actual intracranial infection is rare
even in the case of DBS lead infection. After removing hard-
ware, most authors wait at least two months before re-
implantation [54]. We wait for normalization of the erythro-
cyte sedimentation rate and C-reactive protein values.

Certain surgical techniques such as non-linear incisions
have been attempted by numerous authors to lower infection
rates. At our institution we use non-linear incisions, meticu-
lously avoid placing hardware directly under the suture line.
Other factors may include use of prophylactic antibiotics,
limited handling of the hardware, smaller incisions, meticu-
lous surgical technique, shaving with clippers rather than
razors, use of alcohol, betadine and chlorhexidine skin prep,
irrigating with antibiotic solutions, placing permanent an-
chors only in deep tissue, and placing the IPG underneath
muscle fascia rather than in the fat. Operative time is proba-
bly not a factor [54].

Lead Fracture, Migration, and Misplacement

Lead fracture or disconnection is another common com-
plication of DBS (Fig. 5). The rate of lead fracture has been
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reported between 2.0-9.9% per patient, or ~1.8% per lead
implanted [50, 55]. Lead fracture may produce a short or
open circuit, which has been reported to occur in 0.9-9.9% of
patients [28, 36, 37, 55]. In the reported literature, few stud-
ies categorize short circuit or open circuit separate from lead
fracture (Fig. 6). Lead fracture has been correlated with con-
necting the DBS lead to the extension lead in the upper neck
area, below the mastoid [50, 56-58]. As high as 42% of lead
fractures have been attributed to the lead connector sitting
below or on the mastoid [58]. Neck movements may increase
pressure on the connector site leading to fracture. It has been
reported that fracture incidence can be minimized by secur-
ing this connection higher on the calvarium [56]. Of interest,
some authors note that the majority of lead fractures occur in
ET patients, probably due to increased neck movement with
tremor and to increased patient mobility compared to
matched patients with PD or Dystonia [50]. Whatever the
cause, lead fracture necessitates re-operation with removal of
the damaged lead and replacement (Fig. 7). It is most com-
monly reported 6-24 months after initial operation [51, 55,
59]. As the very long-term follow-up data of DBS is at-
tained, this complication may increase.

DBS lead migration has been reported in 1.5-6.3% of
patients, or ~4.4% of leads implanted [34, 40, 53, 59]. In one
small series, the reported incidence was as high as 14.2% but
was performed with totally different equipment [37]. Migra-
tion can occur immediately and the patient never benefited
from the surgery but most commonly it is detected between 6
months to 3 years after initial surgery, when the patient notes

Fig. (5). This patient’s DBS never worked. The picture shows a fracture in the DBS lead from improper placement of the lead in the Stimloc
system. Rather than being secured in the groove, the lead is posterior to the groove and was compressed by the cap, resulting in a fracture at

the edge of the plastic.
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Fig. (6). There is a most unusual disruption of the boot and the connector seen in this x-ray. The result is that fluid is in contact with all of the

electrical contacts and as a result, function of the lead is compromised.

=

Fig. (7). There are times when it is not clear whether the fracture is in the extension lead or the DBS lead. Although there is discoloration of

this DBS lead in A, when tested as seen in B, the difficulty rested not with the intracranial portion but with the extension lead which was re-

placed and function restored.

decline in function [59]. If this occurs, the patient must re-
turn to surgery for correction of DBS lead placement.

The etiology of lead migration has often been attributed
to numerous factors, whether inadequate securing of the lead
to the calvarium, patient-induced from involuntary move-
ments, or improper location of the connector in the neck.
With the advent of the Stimloc system by Medtronic, the
lead is better secured to the burr hole, thus helping prevent
lead migration from target even if the distal lead is disrupted.
In similar manner, securing the DBS lead and extension lead
connection above the mastoid avoids pressure below, leading
to a lower likelihood of connection fracture and migration.
At our institution, we place the connection below the tempo-
ralis fascia and muscle behind the ear. We secure it with su-
ture to the fascia and cover it with as many layers as possible
to avoid lead fracture, migration, erosion or infection.

Lead migration usually is a late complication, but may
also occur intraoperatively often in the process of securing
the DBS lead in place (Fig. 8). This intra-operative migration
was reported in one series to occur as frequently as 1.5% of
the time [50]. In this scenario, migration is easily detected
either by intraoperative fluoroscopic imaging where it is cor-
rected at the time, or later by post-operative imaging. In the
latter case, the patient will need to return to the operating
room to correct the complication. For this reason, we rou-
tinely utilize intraoperative fluoroscopy after securing the
lead in place to identify any such migration and allow cor-
rection at the time of initial surgery.

Overall hardware complications occur in 7.8 to 32.9% of
patients from misplaced lead, loss of effect, lack of efficacy,
lead fracture, lead migration or infection [34, 51, 52, 53, 55].
An extensive review suggests a better estimate is approxi-
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Fig. (8). The DBS lead here has apparently migrated away from the target and the DBS was totally non-functional. The patient was told that
they were simply “one of those patients that did not respond to therapy”. However, revision of the lead produced excellent symptomatic im-

provement.

mately 8% per lead-year [40]. There are many reasons for
“failed DBS” but the correction of medications, stimulation
parameters, or lead placement in expert hands can correct up
to 51% of these “failures” [60]. Tissue toxicity does not ap-
pear to be a problem. Histopathlogical studies have demon-
strated that DBS leads cause minimal damage to the adjacent
tissue, with only mild gliosis around the implanted lead track
[61]. Despite this, long-term data is still being accrued.

Stimulation

Stimulation-related complications also occur, most de-
pendent on the stimulation target and the actual location of
the lead in the given nucleus [40]. Reported symptoms are
eyelid apraxia, dyskinesia, dysarthria, paresthesia, diplopia,
blepharospasm, and a variety of symptoms from corticospi-
nal tract stimulation. These are probably the most common
reported complications by patients and, in part, may be pre-
dicted by interrogative testing. Most of these effects are re-
versible through adjustment of the stimulation parameters,
although the effects of stimulation on the movement disorder
symptoms may subsequently diminish. Stimulation of STN
usually manifests as increased dyskinesia, dysarthria, pares-
thesia, blepharospasm, confusion and depression, and mental
status changes [40, 46, 50]. It is the increased mental status
changes that potentially make STN less attractive than GPi
as a target. Furthermore, it appears that patient age and pre-
operative cognition are more important in predicting postop-
erative cognitive decline in STN than GPi or Vim DBS.
Stimulation of GPi may produce visual disturbance, pares-
thesia, gait and speech problems, as well as confusion and
depression. Lastly, stimulation of Vim may produce pares-
thesias, dysarthria, dizziness, gait and balance problems,
muscle cramps, and decreased proprioception and fine motor
control. Weight gain is common but may be more related to
decreased symptoms rather than a direct stimulation effect.

Cognitive and Neuropsychiatric Problems

The effects of DBS on the cognitive and neuropsychiatric
symptoms transiently are common but any long term effects
are controversial [40, 62, 63]. The neuropsychiatric symp-
toms are primarily transient, treatable, and potentially pre-
ventable [62]. Whether preoperative psychiatric symptoms
improve or worsen following surgery is also not clearly es-
tablished. As part of the selection process for surgery, pa-
tients are chosen for their lack of overt dementia or other
active disabling psychiatric symptomatology rendering
analysis difficult. In a randomized study that compared DBS
with the best medical treatment, 123 patients had neuropsy-
chological and psychiatric examinations to assess the
changes between baseline and 6 months post-operative [63].
After 6 months, impairments were seen in executive func-
tion, verbal fluency, and Stroop naming time irrespective of
the improvement in quality of life suggesting that STN DBS
does not reduce overall cognition or affectivity while there is
a selective decrease in frontal cognitive functions. The
authors concluded that STN DBS is safe with respect to neu-
ropsychological and psychiatric effects in carefully selected
patients during a 6-month follow-up period. Observed sui-
cide rates in the first postoperative year are higher than ex-
pected [62]. Postoperative depression, unmarried status,
younger patients and a previous history of impulse control
disorders or compulsive medication use are independent as-
sociated factors for attempted and completed suicide risk.
Postoperative depression remained a significant factor asso-
ciated with attempted and completed suicides and is one of
the most important potentially preventable risks for mortality
following STN DBS for PD. Other factors rarely considered
are social and job-related factors, development of dementia,
general medical issues, and lifestyle changes. Site of stimula-
tor may also be significant as more cognitive and psycho-
logical problems are reported in STN than GPi [40, 62].
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IPG Malfunction

External interference is a common problem with stimula-
tors. This often causes the IPG “switching off”, and can re-
sult in acute clinical deterioration. The reported incidence of
frequent external interference is 1.5% [50]. This previously
was a common problem most often observed with the Itrel 11
neurostimulator, but has decreased in incidence with the ad-
vent of the Kinetra model, which shields against external
magnetic interference. There was one recall of the Kinetra
for mechanical problems, but this has since been corrected.
Most occurrences of IPG failure are easily detected and cor-
rected without morbidity. There are a few reports, however,
of external interference resulting in severe morbidity either
from the stimulator being turned off with acute clinical dete-
rioration or the stimulator actually increasing amplitude
leading to significant thermal lesioning [56, 64, 65]. We do
not consider pure end of life battery failure a complication of
DBS, but instead a routine accompaniment to the procedure.

Post-Operative Imaging

Post-operative imaging is standard practice to verify lo-
cation of DBS leads and to assess possible surgical compli-
cations. MR imaging is the most popular of imaging options.
Unfortunately, the powerful electromagnetic fields emitted
by MR may induce serious injury to brain tissue by heating
at the electrodes. In the reported literature, only two cases
exist in which a neurologic event (one to the brain and one to
the lumbar spine) in a DBS patient was induced by MR [66,
67]. Despite the risk, multiple studies have confirmed the
safety of MRI to be performed above the neck for DBS pa-
tients [23, 68, 69]. Medtronic recommends limiting the exam
to the head with a specific absorption rate (SAR) to 0.1
Wi/kg, although studies commonly report 0.4 W/kg SAR as
safe. A SAR of up to 3.0 W/kg has been reported [68].

SAR is defined differently by different MR manufactur-
ers, making standardization problematic. In a recent study of
42 centers using MRI for DBS, only one center reported a
complication and this occurred without any long-term neu-
rologic deficit. Most centers reported that they turned the
stimulator “off”, set the amplitude of the IPG to 0 V,
checked the impedance and current, and only half obtained
consent [69]. While standard 1.5T MRI has been proven safe
for use in DBS patients, no studies yet exist regarding 3T or
even more powerful MR imaging.

In accordance with maintaining safety and in following
MRI recommendations in DBS patients, any concomitant
spine issues should be evaluated and treated before DBS
placement. All appropriate imaging studies should be ad-
dressed because after the DBS is placed, MRI below the
neck is contraindicated.

Death

Death from DBS surgery is a rare occurrence. Some re-
port an incidence of 0.4 — 1.8% [12, 31, 37]. Reviews put
perioperative death at about 0.4% [40, 70]. Causes of death
are intracranial hemorrhage, pneumonia, pulmonary embo-
lism, and suicide. The occurrence of suicide attempts is 0.5%
and is possibly a preventable cause of death [62].

Bakay and Smith

CONCLUSION

While DBS is now a common and beneficial procedure
for patients with movement disorders, it is associated with
significant, albeit uncommon, complications. These risks are
extremely low in comparison to other neurosurgical proce-
dures. Despite this, most of the complications are associated
with hardware failure. As technology improves it is impera-
tive that neurosurgeons communicate with manufacturers to
improve the safety of the devices. In adjunct, neurosurgeons
must continue to refine their own surgical technique to
minimize complications. Despite its benefits, DBS is still an
elective procedure that necessitates minimal risk to the pa-
tient.
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