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Abstract
Background Several surgical adverse events (SAEs) have
been associated with Deep Brain Stimulation (DBS) of the
subthalamic nucleus (STN) in Parkinson’s Disease (PD) pa-
tients, leading to certain confusion about the risk/benefit ratio
of this technique, and giving rise to the need of more and more
extensive control studies over longer periods. The aim of this
article is to identify and quantify the factors associated with
the most frequent AEs from STN DBS in PD-diagnosed
patients.
Methods The following variables were studied: aborted pro-
cedure, misplaced leads, intracranial haemorrhage, and sei-
zures. This study was carried out in 233 patients diagnosed
with PD, with 455 STN electrodes implanted and follow-up
after 7 (8–14) years follow up.
Results A total amount of 56 SAEs occurred in 49 patients
(11.76 % of total procedures, 12.31 % of implanted leads,
21.03 % of patients). SAEs were: five aborted procedures, 26
misplaced leads, ten intracranial haemorrhages, and 15 sei-
zures. Of all the SAEs, long-term effects only happened in two
cases of hemiparesis caused by intracranial haemorrhage; the
other SAEs were reversible and didn’t leave any long-term

clinical consequences (0.42 % of procedures, 0.44 % of leads,
and 0.86 % of patients).
Conclusions STN DBS in PD patients is a safe surgical pro-
cedure, with good risk/benefit ratios: procedure reliability/
correct lead implantation in 95.59 %, 0 mortality/implanted
lead, 0.12 morbidity/implanted lead, and 0.0043 neurological
sequelae/implanted lead.
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Introduction

Deep Brain Stimulation (DBS), it is a widely used technique
to treat movement disorders such as Parkinson’s Disease (PD)
[26]. A better response to Subthalamic Nucleus (STN) DBS is
achieved in levodopa-dependent patients with PD, either in
those with treatment-derived motor complications, or those
that do not respond to treatment [4]. Although DBS has been
shown to be more effective than other treatments for PD, it
may have surgical adverse events (SAEs), whose the frequen-
cy and severity could be crucial to determine whether or not
the technique is indicated [1, 42].

A PubMed search with the keywords, “subthalamic nucle-
us”, “Deep Brain Stimulation”, “Parkinson’s disease”,
“Adverse Events” and “Complications” only revealed a few
articles involving a long-term evaluation of large patient pop-
ulations numbers [14, 19, 21, 36, 39]. Another conclusion of
this overview is the common understanding that the surgical
team is a key factor when it comes to the number and severity
of SAEs, which in turn, need to be communicated [14, 39].
Based on this information, the SAEs presented in this paper
represent a larger number of PD diagnosed patients treated
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with STN DBS treatment, using the same methodology, and
treated using the samemethodology, with follow-up occurring
over longer time periods.

The aim of the study is to identify and quantify all factors
involved with the most frequent SAEs for STN DBS in PD
patients, as well as to define this technique’s risk-benefit ratio .

Materials and methods

Patient population

There were 455 STN electrodes implanted in 233 patients
through 476 procedures carried out between May 1998 (the
first STN DBS implant in our hospital) and April 2012. Here,
a procedure is defined as the surgical action performed to
implant (or not) a DBS electrode in the STN area [27, 40].
The average follow-up period was seven years. All patients
were selected according to the Core Assessment Program for
Intracerebral Transplantations (CAPIT) [25], and only patients
with a 35 % higher improvement on the Unified Parkinson’s
Disease Rating Scale (UPDRS) after levodopa or apomor-
phine administration [17] were included. Inclusion and exclu-
sion criteria have been reported in a previous article [36].

Study variables

SAEs directly related to the surgical procedure were selected
as the variables for this study: aborted procedures, misplaced
leads, intracranial haemorrhage and seizures.

Surgical procedure

The surgical procedure has previously been described [36,
37]. The Cosman-Roberts-Wells (CRW) (Radionics Inc.,
Burlington MA, USA) stereotactic frame was used first, from
May 1998 to December 2007, and followed by the Leksell
stereotatic frame (Elekta, Stockholm, Sweden), from January
2008 to April 2012. The target location was determined using
an indirect technique (related to the intercomissural line).

With the aim to define the STN somatosensory region as
precisely as possible, the target point was obtained after a
minimum amount of three neurophysiological microelectrode
recordings (MER) series. Control Computed Tomography
(CT) was carried out on every patient right after the surgical
procedure, with the stereotactic frame in place, as well as a
three days post-op Magnetic Resonance Imaging (MRI), in
order to check the implanted DBS leads’ coordinates with
respect to the intercomissural midpoint. Antibiotic prophylax-
is was prescribed from the date of surgery up to three days
after the pulse generator (IPG) was implanted. Either Soletra®
or Kinetra® IPGs (Medtronic Inc., Minneapolis MN, USA)
were used.

Patient follow-up took place one, three, six and 12 months
post-surgery, and on a yearly basis afterwards.

Definitions of some complications

An aborted procedure involves the abandonment of a proce-
dure for intraoperative or perioperative reasons, except in the
case of failure to locate the STN by means of MER.

Misplaced leads are defined as follows: a) a failure to locate
the STN byMER during the surgical process, b) any situation
requiring the lead(s) relocation due to a suboptimal position in
the control MRI, and a clinical response under 30% according
to UPDRS part III, six months after surgery [24].

The intracranial haemorrhages were classified according to
their location, (extra-axial , intraparenchymal or
intraventricular) and size: mild/moderate (1–5 ml volume)
and severe (volume>5 ml).

Statistic analysis

All data were analysed using the SPSS 18.0 (SPSS Inc.,
Chicago IL, USA) software application. As a descriptive
study, continuous variables are presented as the mean and
standard deviation (SD), with discontinuous variables as per-
centages. Fisher’s test was used to compare variables by
category. Also continuous variable averages such as age and
number of trajectories were compared, according to different
complications, using the Student’s t-test and U-Mann–
Whitney test for small samples. In all cases, the p<0.05 was
considered statistically significant. Finally the chi-square test
was applid to measure the relationship between dichotomous
variables.

Results

Those studied were 122 males (52 %) and 111 females (48 %)
with an average age of 61.09 years (36–74; SD=7.8. The
average period from PD diagnosis until surgery was
11.28 years (2–23: SD=4.17). According to the Unified
Parkinson’s Disease Rating Scale (UPDRS) [17], the patients’
average motor score before surgery was 34 (14–59) and a
levodopa dose of 1186.55 mg (100–1,900). (Table 1).

The 455 leads were implanted during 476 procedures and
2,271 MERs were taken. The average patient post-surgery
follow-up was 7.09 years (0.8–12; SD=3.72).

A total of 56 SAEs occurred in 49 patients (11.76% of total
procedures, 12.31 % of implanted leads, 21.03 % of patients).
The SAEs were: five aborted procedures, 26 misplaced leads,
ten intracranial haemorrhages and 15 seizures. Out of all the
SAEs, the only long-term effects were two hemipareses from
intracranial haemorrhage; the other SAEs were reversible and
left no clinical consequences over time (0.42 % of procedures,
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0.44 % of leads, and 0.86 % of patients). The mortality rate
was zero during the first five years. Seventeen patients died
from causes unrelated to the surgical procedure in the follow-
ing years. There were 432 IPG replacements required through-
out the entire period. Table 2. Figure 1.

All patients showed unilateral or bilateral pneumocephalus
in the postoperative CT, depending on whether the procedure
was unilateral or bilateral, and the average distance between
the frontal bone’s inner table and cerebral cortex was 0–8 mm
(0.4–11.1; SD=3.063). This event was not considered an
SAE, given it was a typical consequence of the surgical
procedure.

Aborted procedures

In total, there were five aborted procedures (1.05 % of proce-
dures and 1.09 % of implanted leads). (Table 2. Fig. 2).

Statistical analysis did not show any significant differences
when it came to the amount of aborted procedures and pa-
tient’s age or gender.

Misplaced leads

In total, there were 25 misplaced leads, 16 through a lack of
STN location, and ten suboptimal lead locations (5.25 %
within the total amount of procedures and 5.49 % of the
implanted leads). (Table 2. Fig. 3).

The statistical analysis did not show significant differences
when it came to the number of misplaced leads and the
remaining variables or the patients’ age or gender.

Intracranial haemorrhages

A total of ten intracranial haemorrhages in ten patients oc-
curred (2.1 % of procedures, 2.20 % of leads and 4.29 % of
patients), with nine intraparenchymal and one intraventricular.

In 1998, one patient presented moderate subcortical venous
haemorrhage and confusion. In 2000, one patient had moder-
ate intraventricular haemorrhage and confusion, and another
moderate had thalamic haemorrhage with impairment of con-
sciousness, which led to an emergency CTand abortion of the
surgical procedure. Both cases also presented moderate brain
swelling. In 2001, two patients presented moderate cortical
venous hemorrhagic infarction, one with moderate swelling
and the other one with a large amount of swelling, and both
patients also suffered seizures. In 2003, one patient suffered
moderate right thalamic haemorrhage along with moderate
brain swelling and seizures. In 2004, one patient presented
moderate frontal intraparenchymal haemorrhage with brain
swelling and seizures. In 2005, one patient showed a severe
intraparenchymal haemorrhage leading to an emergency

Table 1 Patient’s statistics

Age 61.09(37–74; SD=7.82)

#Male 122

#Female 111

Average time PD diagnosed/surgery (years) 11.28 (2–23: SD=4.17)

Unified Parkinson’s disease rating
scale(UPDRS) before surgery

34(14–59)

Levodopa dose before surgery 1186.55 mg (100–1,900)

Table 2 Number of surgical adverse events and released. Total number of procedures (476) = total number of implanted lead (455) + aborted procedures
(5) + no STN location (16)

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total

Procedures 12 12 27 52 41 46 49 33 45 21 25 30 20 40 28 476

Leads 10 12 25 47 41 42 48 33 43 19 23 29 20 40 23 455

Aborted procedures 0 0 1 1 0 1 0 0 2 0 0 0 0 0 0 5

Misplaced leads 2 2 3 4 0 4 1 0 2 2 3 2 1 0 0 26

Intracranial haemorrhages 1 0 2 2 0 1 1 2 0 1 0 0 0 0 0 10

Seizures 0 0 0 2 1 1 5 4 1 1 0 0 0 0 0 15

Total adverse events 8 2 6 9 1 7 7 6 5 4 3 2 1 0 0 56

Adverse event/procedure in % 25 16.67 22.22 17.30 2.44 15.21 14.29 18.18 11.11 19.04 12 6.66 5 0 0 11.76

Misplaced leads/procedures 16.66 16.66 11.11 7.69 0 8.70 2.04 4.44 4.44 9.52 12 6.66 5 0 0 7.49

Fig. 1 Ratio #surgical adverse events vs #procedures and released. (%)
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evacuation without lead removal. As a consequence of the
haematoma, the patient presented residual hemiparesis. This
patient also suffered from large amounts of brain swelling on
the hemorrhagic side, with moderate swelling on the contra-
lateral side. In the same year, another patient presented mod-
erate mesencephalic haemorrhage and seizures. Lastly, in
2007, another patient suffered severe intraparenchymal haem-
orrhage with bilateral moderate brain swelling which caused
seizures and residual hemiparesis. Table 2. Fig. 4.

In the statistical comparison of intracranial haemorrhage
and the rest of the studied variables, a statistically significant
relationship between intracranial haemorrhage and seizures
(p=0.002) was shown. We also observed that patients with
intracranial haemorrhages are usually older (68.60 years; SD=
5.10) than those that did not present this complication
(60.48 years; SD=7.83) (p<0.001).

Seizures

Fifteen patients presented seizures, six with intracranial haem-
orrhage and brain swelling, and five with brain swelling alone.
Only four patients presented seizures on a normal postopera-
tive CT. These patients presented a single tonic-clonic gener-
alised seizure episode within the first 12 h post-surgery

(3.15 % of procedures, 3.30 % of implanted leads and
6.44 % of patients). Table 2. Fig. 5.

In the statistical analysis carried out comparing seizures
and the rest of studied variables, we only observed a signifi-
cant relationship with intracranial haemorrhage (p=0.002).
No statistical difference related to age, gender or number of
MERs was found.

Discussion

Aborted procedures and misplaced leads

With this methodology, aborted procedures represented
1.05 % of the total amount of procedures, while previous
published data range from 0.9 % to 4.9 % for this kind of
SAE [14]. The causes were confusion and haemorrhage dur-
ing surgery (2000), mechanical failure of the register system
(2001), stereotactic frame misalignment (2003), a panic attack
(2006), and a brain shift during the second lead implant
procedure (2006). Unlike other authors [27], we have not
included the procedures involving our team’s failure to decide
on an STN location in this section, because we consider that
these procedures fit more appropriately in the misplaced leads

Fig. 2 Ratio #aborted procedures vs #procedures and released by year
(%)

Fig. 3 Ratio #misplaced leads vs #procedures and released by year (%)

Fig. 4 Ratio # intracranial haemorrhage vs #procedures and released.
(%)

Fig. 5 Ratio # seizures vs #procedures and released. (%)
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section, since the same methodological philosophy is
involved.

Misplaced leads

Cases involving a failure to locate the STN with MERs are
included in this section, given that we consider the reasons for
this type of SAE are similar to those influencing a suboptimal
positioning of the DBS lead in the STN.

From a total of 26 misplaced leads, 16 (61.54 %) were
caused by failure to locate the STN, and ten (38.46 %) by a
suboptimal position of the DBS electrode.

For the 16 cases in which we chose not to implant the
DBS lead, it was decided that there was not enough
representative STN activity in the MER recordings, lead-
ing to cancellation of the procedure, rather than leaving
the DBS lead in a structure that had not been fully
identified. The most common reasons against implanta-
tion of the DBS lead in the STN are: intrinsic errors of
the stereotactic frame, CT or MRI, errors attributed to the
observer (surgeon or radiologist), STN size, shape and
spatial disposition variability, brain shift during the pro-
cedure, and lack of accuracy when the DBS lead is intro-
duced without a cannula [13, 22, 27, 28, 32]. We think
that pneumocephalus has little influence on brain shift,
although it is an indirect sign of cerebrospinal fluid (CSF)
loss and/or redistribution [2]. Precisely when CSF loss is
higher than 20 mm3, approximately 2 mm brain shift occurs
in the anterior commissure [15]. If we assume that
pneumocephalus volume is similar to the volume of CSF
loss during the surgical procedure, the volume was always
below 20 cm3 for all misplaced leads cases, other than with
one procedure in which we failed to correctly locate
the STN, precisely due to brain shift during the second
lead implant.

In normal studies, 35 % of initial radiological targets
did not correlate to the final neurophysiological targets
[38]. In the literature, the suboptimal implants rate varies
between 2.2 % and 9 %, and in even up to 46.34 % of
patients, with brain shift and intrinsic problems between
the rigid cannula and the DBS [11, 27, 30], as the most
common causes.

The average amount of MERs in procedures where the
STN could not be located was 6.83 (4–12; SD=1.49), and
4.73 (3–7; SD=1.53) and 4.65 (3–7; SD=1.49) for the re-
maining misplaced lead procedures and DBS leads, respec-
tively. Taking into account that a good recording and good
clinical response to stimulation is the gold standard for the
appropriate placement of the lead in the STN, along with
neurophysiological STN identification by MERs, lead im-
plantation using local field potentials (LFPs) were employed
in 2009. Therefore, we believe that precision during DBS
leads implants in the STN with MER and LFPs increases the

number of non-implants but significantly decreases the num-
ber of misplaced leads, enhancing the implanted DBS lead
efficiency, which provides us with a procedure reliability
percentage of 95.59 %.

Although a misplaced lead is a complication that is ever-
present, aside from the last two years of this study, we have
observed one peak, concentrated between 1998 and 1999.
This statistically significant, higher complication rate may be
attributable to the learning curve with respect to the procedure.

Intracranial haemorrhage

Intracranial haemorrhage is the most severe complication of
stereotactic surgeries and, although the consensus is that the
incidence of symptomatic intracranial haemorrhage is below
2 %, its recurrence during movement disorder surgery varies
between 0 % and 34 % [8, 10, 31, 35, 43]. This large variation
is mainly due to target variability, the use of different surgical
techniques, the use of different criteria for haemorrhage as-
sessment, whether or not postoperative radiological controls
are carried out, the differences in methodology from those in
the published scientific articles, and the experience of the
surgical team [5, 7, 9, 11, 18, 40].

While the bleeding risk is 0.7–2.9 % in some large series
[6, 29], ten intracranial haemorrhages occurred in our study,
corresponding to 2.10 % of procedures, 2.20 % of implanted
leads and 4.29 % of patients, with these SAEs mainly occur-
ring in 1998 (8.33 % of procedures) and 2000 (7.40 % of
procedures).

If we take two time periods (1998–2004 and 2005–2012)
and assess the recurrence of intracranial haemorrhage during
these two periods, we observe that the incidence of intracra-
nial haemorrhage per procedure was 2.93 and 1.27 % in the
first and second periods, respectively, and, therefore, no sta-
tistically significant difference is observed. There is a down-
ward trend in the incidence of intracranial haemorrhage per
procedure, with a figure of 0 % in the last 138 procedures
(Fig. 4). Since nine out of ten intracranial haemorrhages
happened in the proximity of the lead pathway, we believe
that these events occur because of a direct vascular lesion
caused by the advance of the lead/guide tube system [3, 6].
All the patients who suffered intracranial haemorrhage pre-
sented clinical symptoms.

On the other hand, the recurrence of permanent neurolog-
ical deficit produced by intracranial haemorrhage varies be-
tween 0.6 % and 6 % [16], with a figure of 0.42 % of
procedures in our study (two residual hemipareses).

The relationship between the use of MER and intracranial
haemorrhage rate is still a delicate topic. Some authors believe
that there is a direct relationship with the amount ofMERs and
the risk for intracranial haemorrhage, whereas others do not
find any significant difference [6, 16]. In our study, we com-
pared the number of MERs between 1998–2004 and 2005–
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2011. There were 4.0 (SD 3.32) and 4.50 MERs (SD 2.71) in
the first and second period, respectively, and, therefore, there
is no statistical difference between the two periods. These data
supports the theory that the number of MERs is not related to
the probability of intracranial haemorrhage, and the risk of
bleeding was 0.005 per MER undertaken.

Similarly, an important correlation between the proxim-
ity of the lead entry point to a cerebral sulcus and the risk
of intracranial haemorrhage has been described. This risk is
often hard to avoid, since brain shift occurs on arachnoid
opening, which may alter the cortical anatomy turning a
projected gyrus into an actual sulcus trajectory [37]. In
order to avoid pathways that may traverse cerebral sulci,
we insert the lead in the cerebral cortex by direct vision,
and if there is a sulcus in the craniotomy hole, MERs are
undertaken—even when they are not parallel— across the
same cortex entry point, with the aim of avoiding the
sulcus. In cases where it is impossible to avoid the sulcus,
a new burr hole should be made. Gologorsky et al. [20]
published that 20 % of trajectories traversed a lateral ven-
tricle, but this could only be verified in seven patients in
our study. A low incidence of lateral ventricle crossing
may be caused, in our opinion, by the entry angles used
on all our patients from the outset: α (lateral) angle: 10–20º
and β (anteroposterior): 50–60º [14].

As with other studies [5, 6, 22, 35, 39, 41, 43], statis-
tical comparison of intracranial haemorrhage rate with its
predictive risk factors (age, gender, MER use, number of
MERs, the use of a cannula for lead introduction, arterial
hypertension) was undertaken, and no significant statisti-
cal correlation was found, other than with age (p<0.001),
given patients with intracranial haemorrhage were older
than those without: 68.60 years (SD 5.10) versus
60.48 years (SD=7.,83) respectively. Finally, we also
observed a significant relationship between intracranial
haemorrhage and seizures (p=0.002).

Seizures

Meta-analysis have given rise to the claim that approx-
imately 2.4 % (range: 0–13 %) of patients presented
seizures after DBS surgery, 75 % of which occur during
the lead implant procedure, with intracranial haemor-
rhage being the most common reason for their occur-
rence [7, 12]. In our series, the seizure rate was 6.44 %
of patients, and consisted of a single tonic-clonic gen-
eralised episode that occurred during the first 12 h post-
implantation, and no patients required anticonvulsant
treatment after the hospital discharge.

If we compare the number of seizures during the 1998–
2004 and 2005–2012 periods, we observe nine and six cases
during the first and second period, respectively, with no sta-
tistically significant relationship between them. It is important

to highlight that 60 % of seizures happened during the 2004–
2005 period, possibly due to the lead-guide tube advance
across the brain, as explained in the previous section.
Seizures appeared to be associated to intracranial haemor-
rhage in 40 % of the cases conducted using our methods. No
seizure events occurred during our last 138 procedures.

Statistical analysis comparing seizures and age, gender,
total amount of MERs, MERs across the caudate nucleus,
and surgery duration, showed no statistical difference
(p>0.05). However, we did find a statistically significant
relationship between seizures and intracranial haemorrhages
(p=0.002).

Finally, although pneumocephalus was predicted to be a
factor in seizures, as with the Pouratian et al., study, we didn’t
find a statistically significant relationship in our study [33].

The learning curve

Due to the complexity and great need for precision with STN
DBS surgery in patients with PD, the learning curve is slow
and long, which makes both complication and consequence
rates highly dependent on the surgical team’s experience [8,
11, 14, 39], and, although the efficacy has been proven, the
risk/benefit ratio depends on the frequency and severity of
SAEs [9, 34].

We found misplaced leads (46.43 %) to be the most com-
mon SAE, with highest incidence during 1998 and 1999,
indicating a relationship with the learning curve.

If we compare the SAE rate per procedure/year, we observe
that 1998 (25 %) and 2000 (22.22 %) were the years with the
highest SAE rate, and 2011 and 2012 (0%) were the lowest. If
we now compare different time periods, 1998–2004 and
2005–2012, the SAEs varied from 14.64 to 8.86 % of proce-
dures. In the end, we observed a significant drop in the SAE
rate from 2007 (19.04 %) to 2011 (0 %). This shows a clear
downward trend, indicating a relationship with the learning
curve (Table 2).

In the analysis of the years with higher and lower numbers
of procedures compared to the baseline, there was a higher
average of misplaced leads when less than 30 procedures were
carried out per year (t0=2.537; df=13; p=0.025).

While neurological consequences could reach up to 6 % in
the literature [23], only two intracranial haemorrhage derived
hemipareses were considered as consequences (0.42 % of
procedures, 0.44 % of implanted leads and 0.86 % of patients)
in this study, given that all other complications were revers-
ible. Finally, although the peak mortality rate is around 4.4 %
in some series [8], we did not record any deaths during the
procedure.

This study has the same limitations as any retrospec-
tive analysis. A prospective analysis may help to con-
firm the data.
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Conclusions

– STN DBS in PD patients is a safe surgical procedure and
features a good risk/benefit ratio: 95.59 % reliability/
correct lead implantation for the procedure, 0 mortality/
implanted lead, 0.12 morbidity/implanted lead and
0.0043 neurological sequelae/implanted lead.

– There is a two years learning curve for STN DBS on PD
patients, and complications such as lead misplacement
are less frequent after that time period.

– Intracranial haemorrhage was the highest morbidity SAE,
and a statistically significant relationship exists between
this issue and seizures.

– Age is correlated to intracranial haemorrhage rates.
– The number of MERs does not affect intracranial haem-

orrhage occurrences.

Conflict of interest None.
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Comments

Complications following Deep brain stimulation (DBS) surgery are rela-
tively common and are generally either procedural related or hardware
related.

Procedura; complications such as ICH, electrode misplacement,
aborted procedures etc are closely related with the overall volume of
cases done and have a clear relation with the single surgeon learning
curve. Procedural complications are less common in high volume centre
where there is a well-established DBS program; the authors clearly stated
this point in their discussion. Is there a minimal volume ofDBS procedure
per year that make a centre safe on the procedural point of view ?In the
UK a minimum of 10 DBS per year has been considered the cut off
number to receive accreditation, I still consider this number too low,
possibly 35-50 DBS procedures are the number that a DBS centre should
be performing to minimize procedural risks.

Another important issue is infection in DBS which can be either
associated with the implantation or with the hardware revisions.

Reduction of infections could be achieved with antibiotics impregnat-
ed hardware (as has been developed for shunt hardware) and close
collaboration with the manufacture is necessary to improve the infection
profile of DBS.

In this interesting paper the authors reported a relatively high rate of
ICH, is this possibly associated with MER and multiple trajectories. The
jury is still out regarding the necessity of MER but there is definitively an
increased risk with this technique. Delayed ICH/strokes are potentially
devastating complications and as for brain biopsies can occur in DBS,
early post-operative CT may give a false sense of security.

The functional neurosurgical community should work harder to re-
duce the rate of complications both procedural and hardware related, in
the future national and international registry will allow to identify poten-
tial solvable problems in DBS surgery.
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