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Abstract
Magnetic resonance imaging (MRI) in patients with implant-
ed deep brain stimulation (DBS) systems is subject to strict
guidelines in order to ensure patient safety. Criteria include
limits on the number of implanted leads. Here, we describe
the case of a 29-year-old patient with generalized dystonia
implanted with 4 DBS electrodes and 2 implantable pulse
generators, who had an off-label spinal MRI without regard
for manufacturer guidance yet suffered no adverse effects.
This suggests that manufacturer guidelines might be overly
restrictive with regards to limits on implanted DBS hardware.
Furtherresearch in this area is needed to widen access to this
fundamental imaging modality for patients with DBS.

© 2022 S. Karger AG, Basel

Introduction
Deep brain stimulation (DBS) systems use an implant-

able pulse generator (IPG) connected by extension leads
to intracranial electrodes to modulate neural function.

They are commonly used to deliver neuromodulation
therapy for movement disorders, epilepsy, chronic pain,
and some psychiatric conditions, with generally acceler-
ating uptake as the technology matures and the scope of
conditions treated widens. It is estimated that over
160,000 patients have undergone DBS surgery in the last
30 years, with approximately 12,000 patients now receiv-
ing the treatment annually [1].

Despite its clinical success, DBS presents a radiological
challenge. Historically, DBS systems have been deemed
largely incompatible with magnetic resonance imaging
(MRI), owing to risks including electrode heating, elec-
trode displacement, induced currents, and IPG dysfunc-
tion [2]. Following several MRI-related adverse events in
patients with DBS systems, a US Food and Drug Admin-
istration warning was issued in 2005, and DBS manufac-
turers issued stringent MRI guidelines. These include
MRI parameters as well as limits on the number of im-
planted devices and leads.

In this report, we present the case of a generalized dys-
tonia patient with 2 separate DBS systems implanted,
comprising 4 leads and 2 IPGs. The subject had an un-
sanctioned lumbar spine MRI yet suffered no adverse ef-
fects detectable either clinically or radiologically. To the
best of our knowledge, this is the only case in the literature
of an MRI scan on a patient with two DBS systems.
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Extensions-

Fig. 1. A diagrammatic representation of
the rechargeable (RC) IPG and lead con-
figuration in the patient. The first IPG is
situated in a left prepectoral subcutaneous
pocket and routed to bilateral globus palli-
dus pars interna leads via extensions. The
second IPG is situated in a right prepec-
toral subcutaneous pocket and routed to
bilateral subthalamic nuclei leads via ex-
tensions.

Subthalamic nucleus

Globus pallidus pars interna

Vercise Gevia RC IPG

% Vercise Cartesia directional lead

Performing this MRI scan on this patient outside man-
ufacturer guidelines was an error that clearly presented a
potential risk to patient safety. It is paramount that MRI
departments remain aware of vendor guidelines to pre-
vent such incidents. However, as in this instance the pa-
tient, fortunately, came to no harm, it presents an oppor-
tunity to discuss DBS manufacturer guidelines for MRI
and the extent to which they may be safely relaxed.

Case Report

A 29-year-old male was diagnosed with severe childhood-onset
generalized dystonia. He first underwent DBS surgery in our de-
partment in September 2017, in which bilateral electrodes were
implanted into the globus pallidus pars interna bilaterally. The sys-
tem comprised two Vercise Cartesia™ directional leads (Boston
Scientific, Marlborough, MA, USA), each connected to 55 cm ex-
tensions that were tunnelled to a Vercise Gevia™ rechargeable IPG
(Boston Scientific) placed in a left pectoral subcutaneous pocket.

Some improvement was seen in truncal and cervical dystonia
as well in speech disturbances due to oromandibular dystonia.
However, the limbs and hands, in particular, remained affected,
and the decision was taken to perform a second DBS surgery in
July 2019. Here, the subthalamic nuclei were targeted bilaterally,
with a further two Vercise Cartesia™ directional leads connected
to a second Vercise Gevia™ IPG in a right pectoral subcutaneous
pocket with 55 cm extensions (Fig. 1). Both systems were switched
on and resulted in a general improvement in dystonic movements,
speech, and gait by January 2020.

In November 2020, the patient developed right groin pain that
developed into a shooting back pain over several months. In June
2021, while travelling abroad, an exacerbation of this pain prompt-
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Fig. 2. Sample T1-weighted with contrast image from the unsanc-
tioned lumbar spine MRI, showing the L1 intradural tumour and
adequate diagnostic quality.

ed him to seek medical attention. He underwent a 1.5 Tesla MRI
scan of his lumbar spine that was performed in a private clinic
without regard to his DBS devices, which were left turned on. Se-
quences performed included T1, T2, and T2 short tau inversion
recovery. This imaging was contraindicated on several counts ac-
cording to manufacturer ImageReady™ MRI guidelines, which
specify that MRI scans should be performed under specific MRI
parameters neither without enabling “MRI mode” on the IPG nor
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Table 1. MRI parameters in the patient’s lumbar spine MRI compared to Boston Scientific ImageReady™ MRI Guidelines for Vercise Gevia

DBS systems

MRI or DBS system parameter  Patient scan parameter

Was manufacturer
criterion met in patient?

Manufacturer criterion

IPG placement IPGs in prepectoral subcutaneous pockets

IPG implanted in subclavicular/pectoral region Vv

Lead extension placement Extensions routed on same side of Extensions routed on same side of body as IPG v/
body as IPGs
DBS leads, n 4 <2 X
IPGs, n 2 <1 X
MRI mode status Not enabled Enabled X
MRI static magnet strength, T 1.5 <1.5 v
MRI spatial field gradient, T/m 11 <40 v
MRI gradient slew rate, T/m/s ~ 125-200 <200 v
SAR, W/kg 1.09-1.78 <0.1 X
B1+rms, uT 2.80-7.08 <2.0 X
Echo time, ms T1:13 None specified N/A
T2:89-97
T2 STIR: 70-103
Repetition time, ms T1:500-568 None specified N/A
T2:3,070-6,903.6
T2 STIR: 3,500-5,820
Slice thickness, mm T1:3-45 None specified N/A
T2:4.5
T2 STIR: 4
Flip angle, ° 150-180 None specified N/A
Total acquisition time, 31:58 <30:00 X
mins:seconds
MRI model Siemens Avanto None specified N/A

Values were extracted from image DICOM headers. SAR, specific absorption rate; B1+rms, B1+ root mean square; IPG, implantable pulse generator; DBS,

deep brain stimulation; STIR, short tau inversion recovery.

in patients with more than 2 DBS leads or more than 1 IPG (see
Table 1) [3]. Notably, the specific absorption rate (SAR) and B1+
root mean square (Bl+rms) also exceeded recommended values.

The MRI was of diagnostic quality and revealed a round well-
circumscribed enhancing lesion within the spinal canal at the lev-
el of the L1 vertebral body, in keeping with a benign intradural
extramedullary tumour (Fig. 2). Following the scan, the patient
contacted our department and was commenced on dexametha-
sone 2 mg twice daily for 1 week and 2 mg once daily afterwards
to temporarily manage tumour-related symptoms. The L1 intra-
dural tumour was completely resected with histopathology con-
firming a World Health Organization grade 1 schwannoma.

The patient reported no new problems during or after the MRI
scan. On examination in clinic 4 weeks after the MRI, there were
no changes found compared to the patient’s neurological baseline.
In keeping with his usual dystonia, there was increased upper limb

MRI with Two Deep Brain Stimulation
IPGs

tone, brisk reflexes, and a dystonic gait. There were no focal motor
or sensory deficits. He has reported no problems since. A CT head
with contrast (Fig. 3) performed on the same day identified no ad-
verse changes relating to the DBS electrodes. Impedances for both
devices were within standard operating ranges throughout includ-
ing at baseline and last follow-up (online suppl. Table; for all online
suppl. material, see www.karger.com/doi/10.1159/000525538).

Discussion

As use of DBS increases globally, so too will the need
to safely and accurately image this patient cohort. Strin-
gent MRI eligibility criteria for DBS patients were put in

Stereotact Funct Neurosurg 3
DOI: 10.1159/000525538

- 52192

Downloaded by: C. Honey

194.82.50.4 - 7/17/2022 3:22:45 PM



Fig. 3. CT images obtained 4 weeks after MRI demonstrating the four electrodes in situ and no evidence of MRI-
related complications.

place following early case reports of adverse outcomes.
These have largely gone unchallenged and have led to un-
derstandable reluctance to perform MRI scans in DBS pa-
tients. Indeed, Tagliati et al. found that only 48% of hos-
pitals surveyed were performing head MRIs in DBS pa-
tients and only 13% were performing MRIs of other body
parts in this patient cohort [4]. Thus, MRI access is typi-
cally restricted to specialist centres where specific proto-
cols can be prescribed. This situation is further com-
pounded by discrepancies between guidelines from DBS
and MRI manufacturers, which serve to highlight the sys-
temic nature of the lack of clarity over this problem [5].

While MRI in DBS patients must be treated with due
caution, it is also important to ensure that these guide-
lines are proportional to clinical risk. As with all medical
investigations, MRI in patients with DBS comes with
risks and benefits that must be carefully evaluated. The
primary risks for patients with DBS undergoing MRI are
radiofrequency-induced electrode heating and IPG hard-
ware malfunction. These can result from the interaction
between the magnetic fields inherent to MRI and ferro-
magnetic material or circuitry within the DBS leads and
IPG. These risks are determined by factors such as MRI
acquisition parameters (most notably SAR and Bl1+rms),
the body region being imaged, electrode configuration,
and materials used in the DBS hardware.

To date, documented in vivo adverse effects of MRI in
DBS patients include hardware failures [4, 6], transient
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neurological events [7, 8], and permanent neurological
deficits [9]. Phantom studies, primarily concerning elec-
trode heating, have produced mixed results, with widely
varying estimates of electrode temperature increases of
<1°C to >25°C [10-12]. Computational models of DBS-
MRI interactions present another method to investigate
safety guidelines and have provided useful insights into
the relationship between electrode heating and risk fac-
tors such as SAR and lead trajectory [13, 14].

By contrast, retrospective studies of MRI scans per-
formed in patients with DBS have found low rates of com-
plications, even with an SAR outside manufacturer rec-
ommendations and as high as 3 W/kg [15]. A single-cen-
tre study of 1,071 MRI events across 405 patients found
no adverse events [15], and an overlapping multi-centre
study of 3,481 patients found only one hardware failure
with no associated neurological sequelae [4]. A recent
prospective study of 102 patients undergoing either 1.5T
or 3T functional head MRI found no adverse events, de-
spite the 73 3T sequences being outside manufacturer
guidelines [16]. Notably, these scans were only performed
after local safety testing.

Whilst most research has concerned DBS safety in
head MRI, a recent prospective study focussing on spinal
MRI similarly found that sequences can be safely taken
outside manufacturer SAR guidelines after prior in vitro
safety testing [17]. Sixty-seven sequences taken across 9
patients with Medtronic DBS systems produced no de-
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tectable adverse effects. Notably, the study also demon-
strated a steep safety gradient along the spine, with lum-
bar spine MRI causing no appreciable electrode heating.
From these data, the authors extrapolated a theoretical
maximum safe SAR of 25.6 W/kg for lumbar spine MRI,
which is far in excess of that necessary for conventional
MRI. Indeed, this may provide some explanation for the
lack of adverse effects in the case of our patient, with a
maximum scan SAR of 1.78 W/kg.

Overly restrictive guidelines reduce access to a funda-
mental imaging tool in a patient population with a great-
er demand for such imaging. Up to 75% of movement
disorder DBS patients will require an MRI within a de-
cade of DBS surgery [18]. It seems that a safe approach to
expanding eligibility is to interrogate each manufacturer
criterion in turn to elucidate to what extent each can be
safely relaxed. In this way, DBS MRI guidelines may find
precedent in the stepwise relaxation and adjustment of
MRI guidelines seen in the analogous technology of car-
diac pacemakers [19, 20]. Current work to broaden MRI
usage in patients with DBS is taking many forms, includ-
ing reducing ferromagnetic material in hardware, phan-
tom studies, computational models, and patient cohort
studies [8, 10-15, 17, 21].

This case report illustrates that it may be possible to
safely perform MRI scans in patients with more DBS
hardware than previously allowed: up to 4 leads and 2
IPGs. It adds to the growing body of literature supporting
the use of MRI in DBS patients where there is sufficient
clinical need, even outside manufacturer specifications
for parameters such as SAR and bl+rms [2, 8, 15, 17].
This mounting evidence combined with increasing up-
take of DBS should provide further impetus to challenge
and relax DBS MRI safety protocols, ultimately moving
towards equal access to MRI for patients with DBS.
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