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Abstract: The goal of this study was to discuss the guidelines that permit patients with implanted deep brain stimulation 

(DBS) system to undergo Magnetic Resonance imaging (MRI) safely. We reported our experience of 226 MRI performed 

on 161 patients (134 dystono-dyskinetic syndromes and 27 Parkinson’s disease) of which 32 reimplantations.  

The stereotactic protocol used for the anatomical target localization in our center involves a pre- and postoperative MRI 

under general anaesthesia. The postoperative MRI allows measuring the possible error, checking the electrode position 

and the absence of surgical complication. No complications, no haemorrhages, no electrode displacement or fracture, no 

images similar to pallidotomy, and no neurological deficit were found related to MRI. We recorded only two minor hard-

ware related complications occurring after MRI: (1) a stimulator damage after spinal MRI and (2) a parameter reset after 

cerebral MRI. 

Clinical data confirm MRI feasibility in patients with implanted deep brain stimulation system. 

INTRODUCTION 

 The use of implantable deep brain stimulation (DBS) 
system has become increasingly common in the treatment of 
refractory movement disorders including Parkinson’s disease 
(PD) [1] and dystono-dyskinetic syndromes (DDS) [2-7]. In 
addition, several studies have examined the use of DBS in 
treating other neurological and psychiatric disorders includ-
ing epilepsy [8], multiple sclerosis [9], depression [10], ob-
sessive compulsive disorder [11] and Tourette syndrome 
[12].  

 The implantation of DBS electrodes is facilitated by us-
ing Magnetic Resonance imaging (MRI) guided stereotactic 
localization in order to achieve the most accurate location 
[13-16].  

 The stereotactic protocol developed in our center for the 
location of the anatomical target, notably the sensory-motor 
segment of the globus pallidus internus (GPi), includes a pre- 
and postoperative MRI with a Leksell Frame under general 
anaesthesia. The use of MRI enables to visualize the GPi 
borders directly and to select the target inside the limits of 
the GPi, taking into account individual anatomical varia-
tions. Notably due to the young age, poor general state of 
health, and chronic hyperkinetic condition of children with 
severe DDS, it was necessary to develop a short procedure 
that could be performed with the child in a state of general 
anaesthesia and during which target localization was based 
only on 3D MR imaging, without concomitant intraoperative 
microelectrode recordings. This procedure proved to be at 
low risk of complications (0% bleeding) and high precision  
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[15-17]. The postoperative MRI allows checking the elec-
trode position and detecting any error caused by MR imag-
ing distortions.  

 In November 2005, the Medtronic manufacturer changed 
the safety parameters for the cerebral MRI in patients with a 
DBS system. Medtronic published new parameters after an 
incident occurred in the United States. For a given sequence 
of MRI, a high Specific Absorption Rate (SAR) could in-
duce, according to the company, an immoderate and danger-
ous heating of the electrodes and/or the implanted stimula-
tion system. Medtronic has adopted new limits for safe expo-
sure to MRI devices: 0.1 Watt per kilogram (W/Kg) instead 
of 0.4 W/Kg.  

 In our practice, the MRI feasibility on patients with im-
planted DBS system was never reconsidered. It is necessary 
to differentiate (1) the MRI to check the accuracy of the elec-
trodes (neurostimulators are not implanted, the distal extrem-
ity of the electrodes was isolated) from (2) the diagnostic 
MRI (all the system is implanted). We report our experience 
of 226 MRI performed on 161 patients of which 32 reim-
plantations (134 DDS and 27 PD). The implanted DBS sys-
tem includes the electrode (4 contacts numbered from 0 to 3, 
radius: 0.635, contact height: 1.5 mm, space between con-
tacts: 0.5 mm; ref: 3389, Medtronic) and the internal pulse 
generator (IPG, Model 7424, 7425, 7426, Medtronic).  

 We consider that it is important to report our experience 
in order to demonstrate the innocuousness of the direct tar-
geting using MRI.  

MATERIALS AND METHODOLOGY 

Patient Population 

 One hundred thirty four patients (mean age 24±12.7 
years, youngest 5 years old, oldest 74 years old) presenting 
dystonia and/or dyskinesia were treated by bilateral chronic 
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electrical stimulation of GPi. The 134 DDS can be classified 
as: 68 primary DDS, 32 secondary DDS, 22 heredodegenera-
tive and 12 dystonia plus.  

 One hundred sixty four surgical procedures were per-
formed for dystono-dyskinetic patients (134 first surgery + 
30 reimplantations) with 321 leads implanted within the GPi. 
Among the 134 patients, two had one electrode implanted, 
120 were bilaterally implanted and 12 had four electrodes 
implanted.  

 Twenty seven patients (mean age 61±10.2 years) with 
Parkinson’s disease were implanted. The total number of 
surgical procedures in these patients was 29 (27 first surgery 
and 2 reimplantations) with 57 electrodes implanted. All the 
parkinsonian patients were bilaterally implanted. For PD, the 
target was the subthalamic nucleus (STN) in 15 procedures 
and the postero-ventral GPi in 14 procedures. 

 Three hundred seventy eight electrodes were implanted 

during 193 procedures (161 first procedures and 32 reim-
plantations). Two hundred twenty six MRI were performed 

for the postoperative checking. Among these 226 MRI, 163 

(161 first surgery, 1 preoperative MRI for reimplantation, 
and 1 postoperative MRI for reimplantation) were performed 

with the leads implanted and without neurostimulators, 63 

(31 preoperative MRI for reimplantation, 29 postoperative 
MRI for reimplantation, and 3 MRI outside the neurosurgical 

protocol) were performed with leads and neurostimulators 

implanted. 

 Thirty two surgeries for reimplantation were conducted 

after the first implantation in 23 patients. The reasons for 

supplementary electrodes implantation can be divided either 
in complications (19 infectious or hardware related compli-

cations) or necessary adaptation of DBS to chronic disease 

(13 electrode additions). 

Statistical Analysis 

 The descriptive analysis was performed using the Mean ± 
Standard Deviation for quantitative variables. Discrete vari-
ables are summarized as absolute numbers and percentages. 
For precise assessment of therapeutic efficacy, each patient 
is evaluated, pre- and postoperatively, applying the two sec-
tions (motor and disability scores) of the Burke-Marsden-
Fahn Dystonia Rating Scale (BMFDRS) at given intervals 
for DDS [18]. The Unified Parkinson’s Disease Rating Scale 
(UPDRS) was used for parkinsonian patients. The percent-
age of improvement is calculated based on the maximal pos-
sible gain [(Preoperative score – Postoperative score)/ Pre-
operative score]*100. In order to study the significance of 
the difference between the pre- and postoperative scores, a 
bilateral Wilcoxon Signed Rank Tests was used. All the sta-
tistical analyses were performed using the R free software. 

Surgical Technique 

 The MR imaging-based stereotactic procedure developed 
and validated in our center has been previously described 
elsewhere [13]. 

 Considering the poor general condition and the perma-
nent restless situation of most patients presenting DDS, es-
pecially children, we developed a stereotactic procedure un-
der general anaesthesia. The procedure is based solely on 
3D-MR imaging for target localization without intra-

operative microelectrode recordings or clinical control al-
lowing the procedure to be shortened to 1 hour per electrode.  

 General anesthesia is induced before placing the MR-
compatible stereotactic frame (Leksell G frame; Elekta In-
struments).  

 Following the visual recognition of the target boundaries 
on preoperative MRI, the neurosurgeon selects the target 
using a 3D-cursor. The electrode implantation is achieved 
under real-time strict-profile radioscopic control to prevent 
any modification of the electrode position until the end of the 
procedure. 

 The excess length of the electrode is wrapped around the 
skull burr hole. The number of loops is variable (0.5 to 3) 
with a mean value of 2 loops (Fig. 1) per electrode (diame-
ter: 2.5 cm). Immediately after electrode implantation, a con-
trol MRI is performed, with the stereotactic frame in place. 
A postoperative MRI is performed in order to record the 
electrode’s position, document any error caused by MRI 
distortions and detect any hemorrhagic complication.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Loops around the skull burr hole. 

 Five days after the implantation of the electrodes, a sec-
ond surgery is performed for the IPG implantation in the 
abdominal area, also under general anesthesia. The excess 
length of the extensions is wrapped around the IPG with a 
mean value of 2 loops (Fig. 2) per IPG (diameter: 3.5 cm).  

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (2). Loops around the neurostimulator. 
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MRI Acquisition  

 Since August 2002, MRI acquisitions have been per-
formed on a 1.5-T Philips Gyroscan Intera system adapted 

for receiving the stereotactic frame. The system is equipped 
with a transmit radiofrequency (RF) body coil and a receive 
radiofrequency head coil. A T1 3D Fast Field Echo (FFE) 
sequence is performed with the whole body SAR specified 
by the manufacturer Philips of 1.9 W/Kg, and a T2 Turbo 
Spin Echo (TSE) sequence with a SAR of 1.6 W/Kg for both 
the pre- and postoperative examinations (Table 1). These two 
sequences were implemented without injection of gadolin-
ium. 

 Up to 2002, we used a 1.5-T SIGNA General Electric. 
(General Electric, Paris, France) system with a trans-
mit/receive RF head coil. A 3D-T1 Spoiled Gradient-recalled 
echo (SPGR) sequence was used (Table 2). 

Table 2. MRI Acquisition Protocol (General Electric 1.5 T) 

Patient position Head first 

Patient orientation Supine 

Landmark On the frame 

Coil selection Head 

Scan plane Axial 

Image mode 3D 

Spoiled Gradient-recalled echo 

Variable Pulse sequence 

Bandwith 

Extended dynamic range 

Graphic RX Imaging options 

Flip angle: 25° 

TE = 9.0 ms 

TR = 29.0 ms 

Pre-scan options 
Scan timing 

Auto-shim 

Auto CF 

Water Scan setup 

Receive bandwith: 15.63 kHz 

Slice thickness: 1.5 mm 
Scanning range 

Slices: 124 

(frequency): 256 
Acquisition matrix: 

(phase): 256 

Frequency direction A/P 

1 
Phase FOV 

260 mm 

Imaging time 1 Nex 16.43 

Contrast No 

 The MR images were acquired with the head frame in 
place. The reconstruction program processed images ac-

Table 1. MRI Acquisition Protocol (Philips Intera 1.5T) 

Sequence T1 T2 

Geometry   

Coil Selection Head Head 

Homogeneity Correction None None 

Field Of View (mm) 256 256 

Foldover suppression No No 

Matrix Scan 256 256 

Reconstruction 256 256 

Stacks 1 1 

Slices 126 30 

Slice thickness (mm) 1.5 1.5 

Slice orientation Transverse Transverse 

Patient Position 
Supine: head 

first 
Supine: head first 

Contrast   

Scan mode 3D 2D 

Fast Field Echo Spin Echo 
Pulse sequence 

Flip angle: 25° Flip angle: 90° 

Fast Imaging Mode None Turbo Spin Echo 

Echoes 1 1 

Partial echo Yes No 

TE: 5.5 TE: 110 
Scan timing (ms) 

TR: 25 TR: 4200 

Motion   

Cardiac synchronization no no 

Respiratory compensation no no 

Flow compensation yes no 

NSA (Nex) 1 4 

Other information   

SAR (W/Kg) / SAR level 1.9 / 0 1.6/0 

Total scan duration 17:10.5 14:33.6 

Measured voxel size M/P/S (mm) 1 / 1 / 1.5 1 / 1.02 / 1.5 

Reconstructed voxel size M/P/S 

(mm) 
1 / 1 / 1.5 1 / 1 / 1.5 

SAR mode High High 

B1 mode Default Default 

Gradient mode Default Default 

SofTone mode No No 
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quired on a 256x256 square matrix with a 256 mm wide field 
of view (FOV).  

 Control studies used to assess the homogeneity of the 
main magnetic field and the calibration of the gradients were 
performed the day before the stereotactic operation. The dis-
tortions were controlled at the periphery of the FOV using 
the G-frame localizer as a phantom and at the center of the 
FOV using the anterior and posterior commissures as land-
marks [15]. All these control studies were in agreement with 

the European patterns. The procedure included a control with 
a quality-assessment phantom.  

MRI Performed on Patients with Implanted Deep Brain 
Stimulation System 

 One hundred fifty two (67.25 %) MRI were performed 
with Philips Gyroscan Intera MR system, and 74 (32.75 %) 
with SIGNA General Electric MR system. We distinguish: 
MRI performed with electrodes not connected to the neu-
rostimulators (163, 72.1%), and those with all the system 
implanted after reimplantation or diagnostic MRI outside the 
implantation protocol (63, 27.9%). Before performing the 
MRI, the IPG are switched off and the settings are pro-
grammed as is indicated in Table 3. These precautions were 
taken at the beginning of our activity, for elementary care, 
because of the knowledge of the metal exposition under 
magnetic field. 

Postoperative MRI Analysis 

 All MRI were analysed by at least two physicians: a neu-
rosurgeon and a radiologist. The postoperative MRI was 
performed using the same imaging protocol as that used for 
the preoperative MRI. Using the postoperative MRI, the 
electrodes position, the possible errors due to distortions and 
hemorrhagic complications were checked. Analysis was per-
formed for screening thermical lesions around the electrodes. 

Table 3. Neurostimulators Settings for MRI 

Parameters Settings 

Stimulation output OFF (all programs) 

Stimulation mode Bipolar (all programs) 

Amplitude 0 Volts (all programs) 

Magnetic (reed) switch Disabled (Kinetra model 7428 only) 

Other parameters At the minimal level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Electrode artifact visualized as a hypo signal on T1 se-

quence (axial and coronal). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Electrode artifact visualized as a hypo signal on T2 se-

quence (axial and coronal). 
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On T1 (Fig. 3) and T2 (Fig. 4) sequences, the electrode was 
represented by an ellipsoidal artefact in hypo signal. The 
artefact dimensions were larger and longer than the real di-
mensions of the electrode. The dimensions of the artefact 
were smaller on T2 than on T1 sequence (Table 4). A poten-
tial thermical lesion produced by electrode heating would 
show a similar image to a pallidotomy. The lesions of palli-
dotomy performed with a thermical probe (80°) are visual-
ized in hyper signal on T2 sequence and hypo signal on T1 
sequence (Fig. 5). 

Table 4. Electrode and Artifact Dimensions 

 Diameter Total lenght  

Electrode 3389 Medtronic 1,27 mm 7,5 mm 

T1 weighted artifact 4,5 mm 14-15 mm 

T2 weighted artifact 2,5 mm 12-13 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Pallidotomy visualized as a hyper signal on T2 sequence 

(at the top). The electrode in the left side and the pallidotomy in the 

right side are visualized by a hypo signal on a T1 sequence (at the 

bottom). 

Intra- and Postoperative MRI Clinical Examination 

 All the scans are supervised by four individuals (one neu-
rosurgeon, one anaesthesiologist, one neuroradiologist and 
one MR technician constantly present). The postoperative 
clinical evaluation could reveal a neurological deficit caused 
by a potential thermical lesion. Absence of surgical compli-
cations was checked on the postoperative MRI. The absence 
of pallidotomy-like effect was also checked by comparing 
the preoperative clinical ratings with the postoperative clini-
cal assessment previously to the switch-on of the neu-
rostimulation devices. A lesion produced by electrode heat-

ing would produce the same clinical effect as a therapeutic 
pallidotomy. Before choosing the electrical settings for 
chronic stimulation, a stimulation system checking, integra-
tive part of the patient follow-up protocol was systematically 
performed after the postoperative MRI. Each contact of the 
electrode was tested separately. For the immediate postop-
erative assessment, patients were examined by three physi-
cians (L.C., B.B. and P.C.) who arrived at a consensus opin-
ion on the absence of neurological deficits (Table 5) due to 
the surgical procedure (including the postoperative MRI) and 
the absence of a pallidotomy-like effect. The examinations 
were performed daily during the postoperative hospital stay, 
monthly during the first year and at intervals of three months 
thereafter. The pre- and postoperative absolute scores of the 
BFMDRS were assigned. 

Table 5. Immediate Postoperative Clinical Examination. 

Normal Clinical Findings for the 161 Patients. Only 

Two Minor Hardware Related Complications Oc-

curring After MRI: A Stimulator Damage after a 

Spinal MRI and a Parameter Reset After Cerebral 

MRI 

Neurological examination 

Mental Status 

Level of Consciousness 

Orientation (time, person, place) 

Memory (3 items recall) 

Judgement (abstraction) 

Cognition 

Cranial nerves 

Language 

Motor 

Sensory 

Cerebellar 

Hardware related complications 

Parameter reset 

Hardware damage 

IPG reprogramming 

Displacement 

Warmth sensation over the material trajectory 

Erythema over the material trajectory 

RESULTS 

Postoperative MRI Analysis 

 After the analysis of all the postoperative MRI, no image 
compatible with a pallidotomy was found. No hyper intense 
T2 weighted images and no hypo intense T1 weighted im-
ages around the artefact of the electrode were found. No case 
of haemorrhages in our patients was found. No electrode 
displacements or fractures due to MRI were found. 

 63 MRI were performed with all the DBS system im-
planted and no images comparable to a thermal lesion were 
found.  
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Absence of any Supplementary Neurological Deficit 

 We did not record any supplementary neurological deficit 

(transient or permanent) in our series of patients. Preopera-
tively, the patients with primary DDS evaluated by the 

BMFDRS were rated respectively at 53.7±17.3 and 14.1±7.9 

for the motor and disability scores and, before the switch-on 
of the neurostimulators, the patients were rated respectively 

at 53.8±25.7 and 14.1±7.9. No significant differences were 

found between the preoperative scores and the scores before 
the switch-on of the neurostimulators (motor score: p=0.171 

and disability score: p= 0.609).  

 Preoperatively, the other patients were rated respectively 

at 56.1±25.8 and 15.8±8.1 for the motor and disability scores 

and, before the switch-on of the neurostimulators, the pa-
tients were rated respectively at 55.3±25.6 and 15.5±7.9. No 

significant differences were found between the preoperative 

scores and the scores before the switch-on of the neurostimu-
lators (motor score: p=0.453 and disability score: p= 0.177).  

 The clinical improvement under DBS was statistically 

significant and increased with time. The patients with pri-
mary DDS evaluated by the BMFDRS at one-year follow-up 

improved respectively at 79±19% (p<0.0001) and 

67.1±29.8% (p<0.0001) for the motor (mean postoperative 
score at one-year follow-up: 11.26±14) and disability (mean 

postoperative score at one-year follow-up: 4.64±5.54) scores. 

For the other dystono-dyskinetic patients, the improvement 
was rated respectively at 42.7±31.4% (p<0.0001) and 

32.5±29.8% (p<0.0001) for the motor (mean postoperative 

score at one-year follow-up: 32.13±17.7) and disability 
(mean postoperative score at one-year follow-up: 10.7±5.7) 

scores. For the patients with PD, the mean global improve-

ment at one-year follow-up evaluated by UPDRS III was of 
62.3% (p<0.001). 

Absence of Pallidotomy-Like Effect 

 Previous to the electrical stimulation, the clinical im-
provement was not significant. For all patients, improvement 

(BMFDRS score) was not significant between electrode im-

plantation and the beginning of the stimulation. 20 patients 
were evaluated by an OFF test (stimulation stopped). The 

loss of the clinical improvement evaluated by the difference 

between the relative BMFDRS score with stimulation ON 
and the score without stimulation was 30±55%. A recurrence 

of the dystono-dyskinetic symptoms and a BMFDRS in-

crease was observed in all patients in whom the stimulators 
had reached their end of life.  

Evaluation of Hardware Related Complications 

 Only two hardware related complications were recorded 
in our population: (1) a stimulator (Itrel III) damage after a 

spinal MRI and (2) a parameter reset (Itrel III) after a cere-

bral MRI out of the surgical protocol. In these two cases, we 
did not observe any clinical consequence. Furthermore, the 

patients were conscious during acquisition and did not report 

pain or other sensations. Two other cases of spontaneous 
switch-off of the Itrel III stimulators were recorded without 

any known external influences. It seems that this type of 

parameters reset and/or spontaneous stop is frequent outside 
MRI performance. 

DISCUSSION 

 The SAR is a measure of the rate at which radio fre-
quency energy is absorbed by the body when exposed to 
radio-frequency electromagnetic field. Because of the tissue 
heterogeneity, direct SAR measurement is not possible. 
However, SAR measurement can be performed in homoge-
neous liquid and numerically evaluated in biological tissues. 
A wide range of factors can influence the SAR during MRI 
including RF, type of coil, concerned tissue volume, and 
body orientation in respect to vectors field. SAR calculation 
varies between different models of MR systems, algorithms 
of calculation, coil design and manufacturers [19]. Further-
more, the mathematical models and algorithms of calculation 
are not available or published because of industry property. 
The potential effects of MRI on DBS system are multiple. 
The RF field, the time-varying magnetic gradient field and 
the static magnetic field may induce a heating and a neu-
rostimulator reprogramming or reset. It has not been possi-
ble, to date, to perform an accurate calculation of the heating 
during MRI.  

Electrode Heating During MRI 

 The most important safety issue is the electrode heating 
during MRI. At the frequencies of interest in MRI, some of 
the RF energy is absorbed and converted to heat. During a 
MRI, the power deposited by RF pulses depends on a wide 
range of factors including the power and the duration of the 
RF, the type of the RF transmitter coil used, the volume of 
tissue imaged, and the electrical resistivity of the tissues. 
During MRI on patients with a DBS system implanted, the 
magnetic field gradients and the radiofrequency field could 
be the origin of an induced voltage. This induced voltage 
produces a current which flows in a conductor involving a 
local heating. Several factors may influence the degree of 
heating such as the geometrical structure of the electrodes, 
the placement in the brain or the insulation of the electrodes.  

 A temperature elevation of more than 5°C causes re-
versible lesions of the neurons [20]. A temperature of more 
than 50°C causes irreversible lesions around the electrodes 
similar to a pallidotomy (80° during one minute). 

 Several evaluations of MRI-related heating for neu-
rostimulation systems used for DBS have been published 
[19, 21-26]. Significant temperature elevations were found in 
furthest conditions in contradiction with manufacturer’s ad-
vice which cannot be applied in clinical practice. 

 Concentric loops placed around the burr hole seem to 
reduce MRI-related heating of electrodes [23]. Rezai et al. 
[25] showed that the temperature elevation was dependent on 
the type of radio frequency coil, level of SAR used and how 
the electrodes were positioned. The most important tempera-
ture elevation found in this study was of 25.3°C with the 
following configuration: (1) 4 loops around the neurostimu-
lators; (2) 0 loops around the burr hole; (3) a SAR value of 
3.9 W/Kg with a transmit/receive body coil.  

 Finelli et al. [24] reported that MRI-related heating for 
clinical pulse sequences (including fast spin-echo, gradient-

echo and echo-planar imaging) using a transmit/receive RF 

head coil was correlated linearly with local SAR values for 
single and multislice fast spin-echo images. The authors in-

dicate that the sequences performed at local SARs below 2.4 
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W/kg (whole-body averaged SAR of 0.09 W/kg) should be 

safe from a MRI-related heating point of view. The tempera-

ture elevation is of approximately 0.9 times the local SAR 
value.  

 The neurostimulation systems were programmed to the 
boff Q mode (i.e., no stimulation was delivered) and set to 0 

V according to the manufacturer’s recommendation for pa-

tients with this device undergoing an MRI procedure (Med-
tronic). 

 Baker et al. [19] studied the temperature change at the 

electrode contacts using two different transmit/receive body 
coils on two different generation 1.5-Tesla MR systems from 

the same manufacturer. The result of the study revealed 

marked differences across two MR systems at the level of 
radiofrequency-induced temperature changes per unit of 

whole body SAR for a conductive implant. 

 These data suggest that the temperature elevations were 

clinically insignificant using clinical sequences for brain 

imaging. Consequently using SAR to guide MR safety rec-
ommendations for neurostimulation systems across different 

MR systems is not relevant. The calculation or estimation of 

the SAR values can vary on the basis of the model type and 
software of the MRI system. This is an issue of major inter-

est because safety information identified to prevent heating 

for an implant, determined for a given MRI unit, may not be 
applied to another MRI unit, even if it is from the same 

manufacturer [19].  

Clinical Data Confirm MRI Feasability 

 Spiegel et al. [27] reported that a 73-year-old patient with 

bilateral implanted DBS electrodes for Parkinson’s disease 

showed dystonic and partially ballistic movements of the left 
leg immediately after undergoing a MRI of the head. This 

scan was performed with a transmit/receive head coil on a 

1.0-T MRI system with the leads externalized and not con-
nected to pulse generators. An important electrode heating 

and brain damage induced by MRI was published by 

Henderson et al. [28]. Henderson et al. [28] reported a severe 
neurological deficit (hemiplegia and aphasia) following elec-

trodes heating during spinal MRI in a patient with a (DBS) 

system implanted for Parkinson’s disease. The operation 
mode of the neurostimulation system during the MRI exami-

nation was unknown. Multiple scan sequences were per-

formed with a 1.0-T MRI system and a transmit/receive body 
radiofrequency coil. In comparison to our protocol, we can 

note the use of a 1.0-T MRI instead of a 1.5-T MRI. The 

neurostimulators must be switch-off with 0 Volt during MRI 
which is not specified in this publication. Several studies 

[23, 25] demonstrated that temperature elevations were in-

versely proportional to the number of loops wrapped around 
the skull burr hole. Therefore, the implantation of neu-

rostimulators in the upper thoracic area with an extension of 

66 centimeters for adult patient (as it is the case in this arti-
cle) doesn’t allow these loops to be inserted. 

 Even if our study is limited by not assessing heating in a 

phantom, our experience with 226 MRI scans performed on 
161 patients implanted with a deep brain stimulation system 

and the clinical results obtained during the last ten years con-

firm the innocuousness of the method used. 

CONCLUSION 

 According to our surgical protocol and experience using 
it, we confirmed the validity of the method. Therefore, we 
can question the legitimacy of the unilateral decision by the 
industrial companies without preliminary evaluation of the 
medical impact and scientific consultation. In consequence, a 
study in collaboration with MRI manufacturers should be 
conducted in order to understand the ratio between the “ap-
plied SAR” and the “shown SAR” by the MRI and to adapt 
the protocols for each center. Our MRI protocol for patients 
with implanted DBS system joins up with other centers. 
Evaluations of MRI-related heating for neurostimulation 
systems used for DBS should be carried-out in each center in 
order to confirm the patient’s safety.  
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