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Deep brain stimulation (DBS) has been shown to be 
a highly effective treatment option for medication-
refractory Parkinson’s disease (PD) patients ex-

periencing motor fluctuations and dyskinesia.5,15,18,21,22,26,31 
Clinical outcomes with DBS are critically dependent on 
the exact lead placement in the intended brain target (dor-
sal lateral subthalamic nucleus [STN] or posterior [motor] 
area of the internal globus pallidus [GPi]), but surgical 
methods to achieve acceptable placement are not standard-

ized. The traditional method for DBS lead implantation 
involves the use of preoperative brain images registered in 
a stereotactic coordinate system, and physiological local-
ization using microelectrode-guided mapping of the tar-
get regions while patients are awake.28 This method poses 
challenges when patients are not able to tolerate and/or 
cooperate with awake surgery (severe “off” medication 
symptoms, anxiety, pain).

Recently a new method has been developed for implan-
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obJective The ClearPoint real-time interventional MRI-guided methodology for deep brain stimulation (DBS) lead 
placement may offer advantages to frame-based approaches and allow accurate implantation under general anesthe-
sia. In this study, the authors assessed the safety and efficacy of DBS in Parkinson’s disease (PD) using this surgical 
method.
methods This was a prospective single-center study of bilateral DBS therapy in patients with advanced PD and motor 
fluctuations. Symptom severity was evaluated at baseline and 12 months postimplantation using the change in Unified 
Parkinson’s Disease Rating Scale (UPDRS) Part III “off” medication score as the primary outcome variable.
results Twenty-six PD patients (15 men and 11 women) were enrolled from 2010 to 2013. Twenty patients were 
followed for 12 months (16 with a subthalamic nucleus target and 4 with an internal globus pallidus target). The mean 
UPDRS Part III “off” medication score improved from 40.75 ± 10.9 to 24.35 ± 8.8 (p = 0.001). “On” medication time 
without troublesome dyskinesia increased 5.2 ± 2.6 hours per day (p = 0.0002). UPDRS Parts II and IV, total UPDRS 
score, and dyskinesia rating scale “on” medication scores also significantly improved (p < 0.01). The mean levodopa 
equivalent daily dose decreased from 1072.5 ± 392 mg to 828.25 ± 492 mg (p = 0.046). No significant cognitive or 
mood declines were observed. A single brain penetration was used for placement of all leads, and the mean targeting 
error was 0.6 ± 0.3 mm. There were 3 serious adverse events (1 DBS hardware–related infection, 1 lead fracture, and 1 
unrelated death).
coNclusioNs DBS leads placed using the ClearPoint interventional real-time MRI-guided method resulted in highly 
accurate lead placement and outcomes comparable to those seen with frame-based approaches. 
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tation of DBS leads using real-time interventional MRI 
(iMRI) guidance in conjunction with a skull-mounted 
aiming device without the use of microelectrode record-
ings or intraoperative test stimulation.8 The procedure 
is performed within the bore of a high-field diagnostic 
magnet in a radiology suite. Our initial work on iMRI-
guided DBS implantation used a skull-mounted aiming 
device (Nexframe, Medtronic, Inc.),24,30 which was not 
specifically designed for iMRI applications. A second-
generation device was developed (ClearPoint, MRI Inter-
ventions, Inc.) with improved mechanical controls and an 
integrated software package intended to improve ease of 
use and accuracy of targeting.16 We recently published our 
experience using the ClearPoint system to implant DBS 
electrodes using iMRI in a series of pediatric dystonia pa-
tients with excellent outcomes.29 In this prospective study 
we describe the use of the ClearPoint system to place DBS 
leads in adults with PD and report the clinical outcomes 
12 months after surgery.

methods
patient selection and clinical characterization

Patients were recruited through the University of Cali-
fornia, San Francisco, Surgical Movement Disorders Cen-
ter. Patients requiring bilateral DBS (either STN or GPi) 
and expressing interest in having DBS leads placed using 
the iMRI method were considered for study enrollment. 
The determination of brain target was based on a multi-
disciplinary team discussion. GPi leads were chosen in 4 
patients based on the presence of significant dyskinesia, 
stable but underlying mood complaints, and the clinical 
desire to avoid levodopa reduction after surgery due to 
nonmotor fluctuations. Inclusion criteria were a diagnosis 
of idiopathic PD with the presence of at least 2 of the 3 
cardinal motor features (resting tremor, bradykinesia, or 
rigidity), disease duration longer than 5 years, age older 
than 21 years, robust response to levodopa with clearly de-
fined “on” medication periods, persistent disabling symp-
toms (motor fluctuations, with disabling “off” periods or 
dyskinesia despite optimal medical therapy), a minimum 
Unified Parkinson’s Disease Rating Scale (UPDRS)6 Part 
III “off” medication score of 25, stable medical therapy 
for at least 1 month prior to baseline, and ability to comply 
with follow-up visits. Exclusion criteria were intracranial 
abnormalities contraindicating surgery, medical contrain-
dications to surgery or MRI, clinical evidence of an atypi-
cal parkinsonian syndrome, active alcohol or drug abuse, 
pregnancy, dementia or significant cognitive impairment, 
uncontrolled mood disorder, and inability to speak or read 
English.

The primary outcome measure was the change in 
“off” medication UPDRS motor score from baseline to 12 
months after DBS. For “off” medication testing, PD medi-
cations were withheld for longer than 12 hours. Secondary 
outcome measures studied included changes from baseline 
to 12 months using the following scales/tests: UPDRS Parts 
I, II, and III “on” medications, Part IV subscales, and total 
UPDRS score; modified dyskinesia rating scale in both the 
“off” and “on” medication states;7 PD Hauser Diary11 (2 
consecutive days, requiring the patient to determine if he or 

she was in 1 of 5 states for every 30 minutes: asleep, “off,” 
“on” without dyskinesia, “on” with mild dyskinesia, and 
“on” with troublesome dyskinesia); Parkinson’s Disease 
Questionnaire–39 (PDQ-39);25 36-Item Short Form Health 
Survey (SF-36) version 2; and Clinical Global Impression 
(CGI) Scale.4 Change in levodopa equivalent daily dose 
(LEDD), device programming settings, active contact lo-
cation, and adverse events were also recorded at baseline 
and 12 months. Patients also underwent comprehensive 
neuropsychological evaluation in the “on” medication state 
at baseline and 12 months using the following battery: 
Montreal Cognitive Assessment,20 portions of the Neuro-
psychological Assessment Battery, portions of the Delis-
Kaplan Executive Function Scale, Symbol-Digit Modal-
ity Test, Rey-Osterrieth Complex Figure, Boston Naming 
Test, Letter and Animal Fluency, Beck Depression Inven-
tory,2 and Beck Anxiety Inventory.1

surgical procedure: brain leads
DBS leads were implanted using a novel skull-mount-

ed aiming device in conjunction with dedicated software 
(ClearPoint system), used within a 1.5-T diagnostic MRI 
scanner (Philips Intera), under general anesthesia with-
out physiological testing (Fig. 1). One patient underwent 
staged implantation (leads placed 5 weeks apart) and all 
others had bilateral simultaneous implants. The main 
features of the ClearPoint system have been previously 
described in technical reports.16,29 The implantable pulse 

Fig. 1. upper: Diagnostic 1.5-T MRI radiology suite during iMRI-guided 
implantation.  lower: Screen shot of the ClearPoint software during 
STN implantation. The artifact of the ceramic stylet and peel-away 
sheath can be seen behind the orange line indicating the planned trajec-
tory in coronal and sagittal views.
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generators (IPGs) and lead extenders were placed in a 
separate inpatient or outpatient procedure 1–3 weeks after 
lead implantation.

evaluation of lead placement accuracy
We consider the most clinically relevant measure of 

lead placement accuracy to be the “radial error,” defined 
as the 2D vector difference between the intended and ac-
tual lead placement measured in the axial plane used for 
anatomical targeting.29 3D vector errors between intend-
ed tip and actual tip location are less clinically relevant, 
as small lead misplacements (< 2 mm) along the axis of 
implantation can be corrected by selection of a different 
active contact along the quadripolar lead. The actual ante-
rior commissure–posterior commissure coordinates of the 
active contact were measured using FrameLink software 
(Medtronic, Inc.) as described previously.28

dbs programming
Neurostimulator programming was initiated 1–2 weeks 

after implantation of the pulse generator. All electrodes 
were sequentially activated and tested separately in uni-
polar mode. Voltage-limiting adverse effects were noted. 
The electrode(s) with the greatest therapeutic effect were 
chosen for chronic stimulation. For patients in whom no 
clinical improvement was observed during the initial pro-
gramming session, the electrode(s) within the dorsal STN 
or posterior lateral GPi were chosen for chronic stimu-
lation (typically Contact 1). All IPGs were initially pro-
grammed using 1 electrode in unipolar mode, at 60-msec 
pulse width and 130–145 Hz. The voltage was increased 
until there was either no further benefit or adverse effects 
occurred, and then reduced slightly. Patients returned for 
follow-up programming visits every 1–2 months.

statistical analysis
Data analyses were performed using STATA 12 (Stata-

Corp LP). All scores were compared using the 2-tailed 
paired t-test or nonparametric equivalent with a signifi-
cance level set at 0.05. Using a repeated-measures ap-
proach, a 2-tailed test and alpha value set at 0.05, and an 
estimated clinically significant effect size of 30% change 
in UPDRS “off” scores, we had greater than 95% power to 
detect a difference if we included 20 patients. Active elec-
trode location at final follow-up was determined using the 
patient’s postoperative MRI study and calculating the point 
of stimulation in anterior commissure–posterior commis-
sure coordinates relative to the midcommissural point.

institutional review board approval and informed 
consent

The UCSF institutional review board approved the 
study, and all patients provided written informed consent. 
The trial was registered with clinicaltrials.gov (clinical 
trial registration no. NCT00792532).

results
patient characteristics

Patient characteristics are summarized in Table 1. 

Twenty-six patients with advanced PD (15 men and 11 
women) were enrolled in this prospective study from 2010 
to 2013. The mean age at time of surgery was 63.2 ± 6.8 
years, and the duration of PD was 10.8 ± 2.9 years. Twenty 
patients had follow-up data available at 12 months (16 with 
an STN target and 4 with a GPi target).

Six patients did not complete the study for a variety 
of reasons (4 in the STN group and 2 in the GPi group). 
One patient developed a pulse generator infection, which 
spread to the connector site and required explantation of 
the DBS system. One patient developed a lead fracture 
requiring replacement and therefore was withdrawn from 
the study. Two patients withdrew from the study due to 
financial burdens of traveling to San Francisco. One pa-
tient died of unknown causes after falling out of bed. One 
patient underwent unilateral implantation only and did not 
go on to have the second lead placed and therefore became 
ineligible for the study (see Table 2).

Patients included in the analysis of outcomes after 
surgery (n = 20) had a robust response to dopaminergic 
medications at baseline (mean UPDRS Part III “off” score 
40.75 ± 10.9, mean UPDRS Part III “on” score 20.95 ± 
9.8) (p = 0.0001), reflecting a mean 47.7% improvement. 
The average Montreal Cognitive Assessment score was 26 
(range 18–30). On detailed neuropsychological evaluation, 
scores were variable across individuals, but as a group 
they showed only mild (z > -1.0) difficulties in areas typi-
cally observed in PD (visual attention, processing speed, 
verbal recall, visual memory, complex figure copy, and 
executive function). The patients on average self-reported 
minimal depression (Beck Depression Inventory–II mean 
9.55 ± 7.1) and mild anxiety (Beck Anxiety Inventory 
mean 11.40 ± 5.7).

clinical outcomes
UPDRS

At 12 months the total mean UPDRS III (motor) “off” 
medication subscore for patients improved from 40.75 ± 
10.9 to 24.35 ± 8.8 (p = 0.001), reflecting a mean 40.2% 
improvement meeting the primary end point of the study.

UPDRS Parts II and IV and total UPDRS scores were 
also significantly improved at 12 months (p < 0.001, p < 
0.001, and p = 0.0027, respectively) (Fig. 2). The UPDRS 
Part III “on” medication was not significantly improved (p 
= 0.101). Dyskinesia significantly improved after surgery, 
measured by the change in the severity scale of the modi-
fied dyskinesia scale score in the “on” medication state 
after surgery (baseline 1.05 ± 0.97 to 0.26 ± 0.56 at 12 
months) (p = 0.007).9

PD Hauser Diary
Two patients had only partially completed diaries, and 

their data were not included in the analysis. The “on” with-
out dyskinesia and the “on” with mild dyskinesia states 
were combined to create the “on” without troublesome 
dyskinesia category. Diary data were normalized to a 16-
hour waking time per day. “Off” time decreased from 4.31 
± 2.96 hours per day to 1.96 ± 2.5 hours per day (p = 0.04). 
“On” time without troublesome dyskinesia increased from 
8.64 ± 2.7 hours per day to 13.68 ± 2.58 hours per day 
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(p = 0.0002). “On” time with severe dyskinesia decreased 
from 1.89 ± 1.86 to 0.18 ± 0.57 hours per day (p = 0.0008) 
(Fig. 2).

Clinical Global Impression Scores
The CGI Severity Scale showed significant mean im-

provement from baseline to the 12-month assessment (3.71 
± 0.71 to 3.1 ± 0.71, p = 0.012, investigator rated; 3.89 ± 
1.1 to 2.8 ± 1.1, p = 0.007, patient rated). The CGI Change 
Scale showed investigators believed 95% of patients were 
“very much improved” or “much improved” 12 months af-
ter surgery; 80% of patients also believed they were “very 
much improved” or “much improved” 12 months after 
surgery.

Quality of Life Scores
The PDQ-39 only showed significant improvement 

in the communication subscore (p < 0.036) and a trend 

for improvement in the activities of daily living subscore 
(p = 0.06) at 12 months. The SF-36 version 2 showed a 
trend for improvement in physical function subscore at 12 
months (p = 0.07).

LEDD
The mean LEDD at baseline was 1072.5 ± 392 mg 

and decreased to 828.25 ± 492 mg after surgery (21.13% 
reduction) (p = 0.046). There were no major differences 
in the change in LEDD for the patients treated with STN 
versus GPi.

Neuropsychological Testing
Most patients did not demonstrate significant declines 

across various cognitive domains after DBS, and in fact 
some showed improvements after 1 year. There were mild 
declines (> 1 SD) in verbal category fluency in 35% of pa-
tients, which is a frequent finding after DBS. There were 

table 1. baseline characteristics

Case No.  Age (yrs), Sex 
Duration of 
PD (yrs)

UPDRS III “Off” 
Score

UPDRS III 
“On” Score

% Change in 
UPDRS Score  UPDRS Total

Hoehn & Yahr 
Off Stage LEDD (mg)*

1† 59, F 10 27 8 70.3 61 2.0 1200
2 49, F  12 43 14 67.4 72 2.0  755
3 72, M 7 30 16 46.7 58 2.0 875
4† 61, M 14 40 20 50.0 81 2.5 1050
5† 71, F 13 39 16 59.0 64 3.0 1510
6 56, M 12 33 17 48.5 59 2.0 840
7 64, M 14 56 40 28.6 92 3.0 1620
8†‡ 59, F 9 47 22 53.2 90 3.0 1460
9 64, F 10 29 15  48.3 60 2.0  450
10 59, M 14 36 24 33.3 57 2.0 1210
11 70, F 11 38 23 39.5 55 2.0 1535
12 56, M 4 67 46 31.3 91 4.0 300
13† 65, F 11 40 14 65.0 70 2.0 300
14 63, M 8  45 21 53.3 75 2.0 1510
15 64, M 8 30 15 50.0 60 2.0 900
16‡ 68, M 10 47 36 23.4 94 2.0 800
17†‡ 71, F 14 36 21 41.7 69 3.0 1060
18  63, F 11 35 13 62.9 64 2.5 775
19 71, M 17 35 18 48.6 55 2.5 1000
20† 68, M 11 49 25 49.0 84 4.0 950
21 61, M 7 54 23 57.4 88 2.0 1200
22† 63, F 6 43 10 76.7 58 4.0 1250
23† 68, F 13 29 12 58.6 56 4.0 1060
24 44, M 14 54 25 53.7 95 3.0 1900
25 66, M 11 32 11 65.6 62 2.0 1220
26 67, M 11 30 15 50.0 59 3.0 1300

Mean (SD)  63.2 (6.8)  10.8 (2.9) 40.1 (10.0) 20.0 (9.1) 51.2 (13.0) 70.3 (14.1) 2.6 (0.7) 1078.1 (393.7)

*  LEDD = a dose of 100 mg levodopa, which is is equal to 125 mg controlled-release levodopa, 10 mg bromocriptine, 1 mg pergolide, 4 mg ropinirole, 100 mg amanta-
dine, 333 mg entacapone, 1 mg pramipexole, and 80 mg Stalevo, according to Wenzelburger et al., 2002.
†  Patients without 12-month follow-up.
‡  GPi target.
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also mild declines (< 1 SD) in complex figure copy (35%) 
and on 1 delayed memory task (30%). Anxiety and depres-
sion were stable or improved in 85% of patients.

Stimulation Parameters
The average stimulation parameters were 2.73 V, 61.8 

msec, and 138.4 Hz for patients with STN targets and 3.93 
V, 67.5 msec, and 145.6 Hz for patients with GPi. Eighteen 
leads were programmed using a single monopolar mode, 
10 using a double monopolar mode, 4 using a bipolar 
mode, and 8 using a monopolar interleaving mode.

Surgical Accuracy
A single brain penetration was used for placement of 

all leads. The mean (± SD) radial error was 0.6 ± 0.3 mm. 
The mean active contact location is shown in Table 2.

Adverse Events
All adverse events occurring in the trial are listed in 

Table 3.
Serious Adverse Events. There were 3 serious adverse 

events. There was 1 DBS hardware-related infection orig-
inating at the pulse generator, 1 DBS lead fracture requir-
ing replacement of the brain lead, and 1 death unrelated 
to the surgery or device. There were no hemorrhages. No 
electrodes required repositioning due to lack of clinical 
efficacy or stimulation-induced side effects at low volt-
ages.

table 2. mean active contact location
STN (n = 32) GPi (n = 8)

Hemisphere X (lateral) Y (AP) Z (vertical) X (lateral) Y (AP) Z (vertical)

Left −12.1 ± 1.1 −1.5 ± 1.5 −2.1 ± 1.3 −21.6 ± 1.9 4.3 ± 1.4 −0.9 ± 0.9
Right 11.9 ± 1.4 −1.7 ± 2.1 −2.5 ± 1.6 22.6 ± 1.6 4.4 ± 1.8 −0.5 ± 0.6

Fig. 2. Results of ClearPoint iMRI.  a: Degree of dopaminergic responsiveness at baseline visit (paired t-test).  b: Change in 
UPDRS Part III score from baseline to 12 after months after DBS (paired t-test).  c: Change in UPDRS Part I, II, IV, and total 
scores from baseline to 12 months after DBS (paired t-test).  d: Change in motoric state as measured by the mean of a 2-day PD 
Hauser diary from baseline to 12 months in hours per day (normalized to a 16-hour waking day).
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Other Adverse Events. There were 35 nonserious ad-
verse events occurring in 17 patients. Most were felt to 
be unrelated to the surgery or DBS stimulation. We did 
observe transient worsening in dyskinesia, speech, hand-
writing, and weight, which were considered possibly re-
lated to stimulation throughout the trial.

discussion
We previously reported outcomes for PD patients with 

DBS leads placed using iMRI and the Nexframe skull-
mounted aiming device.24,30 In this report we present the 
largest cohort to date of PD patients treated with STN or 
GPi DBS using the iMRI technique in conjunction with 
the ClearPoint system, specifically designed for use with 
iMRI. In this study we provide greater detailed motor and 
nonmotor outcome measures and a longer follow-up win-
dow (12 months).

summary of results
Patients experienced a mean improvement of 40.2% in 

the UPDRS Part III “off” medication score 1 year after 
surgery (p = 0.001), thus meeting the primary end point 
of the study. This degree of improvement is comparable to 
the efficacy of STN DBS and GPi DBS for PD when leads 
are placed using traditional, frame-based, microelectrode 
recording (MER)–guided stereotactic methods (Table 
4).5,15,18,21–23,26,31

We also found significant improvements in several sec-
ondary outcome measures. Based on PD Hauser diaries, 
patients had an average of 5 additional hours of “on” time 
without troublesome dyskinesia, and 2.3 fewer hours of 
“off” time. The UPDRS Part II and IV subscales and the 
modified dyskinesia rating in the “on” medication state all 
showed statistically significant improvements at 1 year, as 
did several quality of life measures.

table 3. summary of serious and nonserious adverse events

Adverse Event
No. of 
Events

No. of Patients 
(%) Cause (no.) Event Outcome at 1 Yr (no. of patients)

Serious 3 3 (11.5)
  Infection 1 1 (3.8) Surgery  Hardware explanted (1)
  DBS lead fracture 1 1 (3.8) Hardware Lead replaced
  Unrelated death 1 1 (3.8) Unrelated
Nonserious 35 17 (65.4)
  Worsened balance 8  8 (30.7) Unrelated (8) Ongoing (3), resolved (3), unchanged (2)
  Worsened dyskinesia 4 3 (11.5) Stimulation (2), unrelated (2) Ongoing (3)
  Worsening speech  4 4 (15.4) Possibly stimulation Ongoing (2), resolved(2)
  Depression 3 3 (11.5) Unrelated (3) Resolved (3)
  Anxiety 3 3 (11.5) Unrelated (3) Ongoing (1), resolved (2)
  Sleep disturbances 3 3 (11.5) Unrelated (3) Resolved (2), ongoing (1)
  Dystonia 3 3 (11.5) Unrelated (3) Ongoing (1), resolved (1), unchanged (1)
  Fatigue 2 2 (7.7) Unrelated (2) Ongoing (2)
  Worsened handwriting 1 1 (3.8) Possibly stimulation Ongoing
  Teeth grinding 1 1 (3.8) Unrelated  Resolved
  Weight loss 1 1 (3.8) Possibly stimulation Unchanged
  Constipation 1 1 (3.8) Unrelated Resolved
  Infection 1 1 (3.8) Surgery Antibiotics resolved (1)

table 4. change in updrs part iii “off” medication score across major pd dbs trials

Authors & Year Study
No. of 

Subjects
Mean Age 

(yrs)
Mean Disease 
Duration (yrs)

UPDRS III 
Off Baseline

UPDRS III 
Off FU

UPDRS III % 
Change 

FU  
(mos)

Okun et al., 2012 St. Jude Constant- 
  Current study

136 60 12 41–45 26–30 ~38% 12

Williams et al., 2010 PD SURG trial 183 59 11.5 47.6 30.6 35.7% 12
Odekerken et al., 2013 NSTAPS study 128 59.1 (GPi); 

60.1 (STN)
10.8 (GPi); 

12.0 (STN)
43.8 (GPi); 

44.4 (STN)
32.4 (GPi); 

24.1 (STN)
26.0% (GPi); 

45.7% (STN)
12

Follett et al., 2010 VA Coop study 299 61.8 (GPi); 
61.9 (STN)

41.8 (GPi); 
43.0 (STN)

30.0 (GPi); 
32.1 (STN)

28.2% (GPi); 
25.4% (STN)

24

Schuepbach et al., 2013 EARLYSTIM study 124 52.9   7.3 33.2 52.7% 24
Present study 25 (20 FU) 63.0 10.8 40.8 24.4 40.2% 12

FU = follow-up.
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Adverse events seen in this study were similar to what 
has been described using traditional, MER-guided DBS 
studies and with no intracranial hemorrhages.5,10,21,22,31,34

unique aspects of imri
Implantation of brain leads using the ClearPoint system 

and iMRI technique may have several advantages over the 
traditional MER-guided surgery, including increased ana-
tomical accuracy and consistency of lead placement and 
fewer brain penetrations. ClearPoint uses real-time MRI 
to perform target selection and monitor lead placement; 
it does not rely on MR images obtained preoperatively, 
which cannot account for intraoperative brain shift due to 
pneumocephalus, or CT images obtained intraoperatively, 
which must be fused with preoperative image sets and are 
therefore subject to potential fusion errors.13,14 It therefore 
has the advantage of detecting lead placement errors as 
well as other intraoperative complications such as hem-
orrhages in real time, with shorter operative times than 
awake surgery. Finally, because iMRI DBS can be safely 
done under general anesthesia and does not require with-
holding of parkinsonian medications, it may broaden the 
accessibility to those who might not otherwise be able to 
tolerate awake surgery.

In this study, the technical accuracy of lead placement, 
as measured by the mean radial error, was 0.6 ± 0.3 mm. 
Directly comparing lead accuracy results to those of other 
DBS trials can be difficult as most studies have not re-
ported accuracy of lead placement or have used different 
measures of accuracy. Holloway and colleagues compared 
the accuracy of frameless and frame-based techniques in 
awake, physiologically guided surgery and found mean 
errors in the anteroposterior (AP) and lateral directions 
between 1.3 and 1.6 mm, with a mean vector error of 3.2 ± 
1.4 mm regardless of the implantation technique used.5,12 
Nakajima and colleagues, using frame-based, MRI-con-
firmed asleep DBS placement, reported accuracy by mean 
perpendicular targeting error as 1.2 mm.19 Burchiel and 
colleagues3 recently published a large series with elec-
trodes placed under general anesthesia using intraopera-
tive CT and reported the “trajectory error” as 1.27 ± 0.87 
mm with 1 electrode repositioned intraoperatively for a 
vector error of greater than 3 mm. The accuracy of lead 
placement in the current study using the iMRI technique 
with ClearPoint is superior to that in other published stud-
ies.

In this study, all brain leads were placed using a single 
pass with one brain penetration. A large, prospective study 
randomizing patients to either iMRI- or MER-guided 
technique would be necessary to definitely prove the clini-
cal benefits of fewer brain penetrations. However, limiting 
the number of brain penetrations may reduce the risk of 
brain hemorrhage, shorten recovery time after surgery, and 
improve cognitive-behavioral outcomes.5,10,17,34 Few MER-
guided DBS outcome studies report the number of brain 
penetrations performed to determine a final DBS lead lo-
cation. However, it is not uncommon to perform multiple 
MER passes to map the motor territory before placement 
of the final brain lead, and in most MER-guided proce-
dures there are a minimum of 2 penetrations for each lead 
(one pass for MER and another pass for lead placement).28

limitations
This study was an open-label clinical trial that did not 

randomize patients to surgical method or stimulation sta-
tus and is therefore subject to placebo effect and selection 
bias. However, in hopes of minimizing selection bias and 
maximizing a comparison with historical controls, we 
designed the study using strict inclusion/exclusion crite-
ria similar to those used in the large randomized PD DBS 
studies. Many patients seen at our center during the course 
of the study were still implanted using the ClearPoint iMRI 
system but were implanted “off protocol” because they did 
not meet the study’s strict inclusion/exclusion criteria.

clinical application
The ClearPoint iMRI method has several advantages 

over traditional frame-based MER-guided DBS lead 
placement, especially in certain clinical settings where it 
is beneficial for PD patients to be asleep (severe tremor, 
painful “off” dystonia or rigidity, “off” anxiety). Many PD 
patients in the study expressed their desire to have DBS 
using iMRI because it did not require them to be awake for 
the procedure or to withhold their PD medications prior 
to surgery, which is typically necessary for MER-guided 
procedures. We have recently reported our experience us-
ing the ClearPoint system in a series of primary pediat-
ric dystonia patients (who would also have had difficulty 
handling awake surgery) who also experienced excellent 
outcomes.29 Disadvantages of the iMRI method include 
the need for specialized MR-compatible instrumentation 
and anesthesia equipment, as well as access to a scanner 
in the radiology department or an operating room. At our 
center, awake DBS cases include IPG placement on the 
same day, whereas MRI cases require a staged approach 
with the IPG placed several weeks later as an outpatient 
procedure. Some patients perceive this as a disadvantage 
of iMRI, as they would prefer to have the leads and IPG 
placed in a single setting.

conclusions
Here for the first time we report the clinical outcomes 

of DBS in PD using an interventional MRI technique 
with an optimized skull-mounted aiming system (Clear-
Point). We have shown comparable outcomes to those with 
frame-based microelectrode-guided surgery and a similar 
safety profile. We propose that this technique offers many 
other advantages, including possible shorter operative time 
required for lead placement, fewer brain penetrations than 
most traditional methods of DBS surgery, and greater pa-
tient comfort during the procedure.
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