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Abstract

Background: Radiofrequency is widely used in the treatment of chronic pain for its efficacy and low incidence of
side effects and complications. Despite this, it is commonly believed that this kind of treatment could interfere with
medical implantable devices. Potential interference between implanted devices such as pacemakers, defibrillators
and spinal cord stimulators and the radiofrequency of neurotomy is an important concern for physicians caring for
patients with these devices.

Methods: A retrospective study was conducted on 30 radiofrequency-treated patients, collected in five years out of
more than 1,000 patients treated. Our cohort was selected due to the presence of implanted medical devices. Tre-
atments include the radiofrequency neurotomy of the lumbar facet joints, intervertebral discs, sacroiliac joint and
peripheral nerves.

Results: Out of 30 patients and 68 treatments, global radiofrequency ablation was considered safe, due to the absence
of any problem during or after the procedure. In particular, procedures were never interrupted because of electrical
interference with the implanted devices or for problems attributable to an aberrant activation of them. Neurological
and physical exam did not show any alteration after the procedure.

Conclusion: There are several theoretical concerns about radiofrequency treatments in patients with implantable
electrical medical devices. However, there is no experimental evidence of electrical interference with the implanted
devices. Our long experience strongly suggests that by following simple precautions, patients can benefit from
radiofrequency pain-relieving procedures without any adverse events.
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The management of chronic pain has always been
a medical challenge, since pain has a prevalence of 10% to
over 40% in the general population [1], in particular lower
back pain [2], great peripheral nerves pain [3] and other
body district pain (hip, shoulder, knee). Radiofrequency (RF)
neurotomy is one of the advanced pain relief procedures
applied to pain with constant and limited distribution. In-
tended to identify and interrupt the nerves that contribute
to chronic pain, the procedure can be used to help patients
with chronic (long-lasting) lower back pain and pain related

to the degeneration of joints by decreasing pain signals
from that specific area. In these cases, RF is the preferred
procedure due to its effectiveness over time and lack of
complications [4]. Once performed, patients can expect pain
relief for an average of one year; should nerve endings repair
themselves and resultin recurring pain, the radiofrequency
neurotomy procedure can be repeated.

Patients with implantable systems, such as a pacemaker
(PM), spinal cord stimulator (SCS) or defibrillator, could have
the function of these devices disturbed by the electrical current
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from the radio frequency machine. Patients with implantable
systems are commonly treated with both pharmaceutical and
physical treatments that seldom show long-lasting/permanent
benefits. Even if we initially exclude these patients from RF tre-
atment, now we apply the guidelines published by Osborne et
al.[5], who described safety guidelines for using RF neurotomy
on patients with stimulators.

The aim of the present study was to demonstrate that
the simple use of certain precautions allows patients with
implantable systems to be treated with the RF technique.

METHODS

Our cohort consisted of 30 patients with implantable
devices, out of more than 1,000 patients who received ra-
diofrequency neurotomy from December 2008 to December
2012inone centre. A total of 68 treatments were carried out,
with a repetition of 9-11 treatments for patients.

Informed consent was obtained after an exhaustive
explanation of the radiofrequency procedure, its advanta-
ges/disadvantages and its possible contraindications during
sensory/motor stimulation due to the presence of an electri-
cal device. Patients were instructed to report any abnormal
sensations during the procedure. A pre-surgical evaluation
and physical exam were done to detect the electrical devi-
ces. Twenty patients had a spinal cord stimulator, five had
a pacemaker and five had a defibrillator. Radiofrequency
neurotomy was done under local anaesthesia without seda-
tion to avoid any possible reduction of the patient’s ability
to report adverse effects.

Clinical and technical precautions were introduced in
our RF procedure. In patients having spinal cord stimula-
tors, the neurostimulator was checked before and after the
procedure by physicians. The following parameters were
evaluated: stimulus frequency, pulse duration, intensity of
stimulus, interelectrode impedances, and electrode configu-
ration. In patients with cardiac pacemakers, we determined
the battery voltage, the lead impedance, the captured thre-
sholds, the sensing thresholds, and the magnet/non-magnet
test. In patients with an implantable cardioverter-defibril-
lator (ICD), an instrumental control was done to verify the
integrity of the system ICD, its leads, the interaction between
the leads and heart, and the status of the ICD battery, the
duration of which varies depending on the number of ope-
rations and the operating time of the pacemaker.

The patients’ ECGs were monitored before, during, and
after the procedure. Moreover we were ready for the quick
management of any adverse reactions/interference origi-
nating from the RF to electrical devices.

RESULTS
The patients’ mean age was 59 years, 22 female: a de-
tailed list of patient characteristics can be found in Table 1.
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The global result of the procedure was considered very
positive due to the absence of any problems during or
after the radiofrequency ablation procedure. No adverse
reactions were recorded due to electrical interaction or
due to clinical events. No differences in neurological or
cardiac examination after the treatment were reported.
Spinal cord stimulator, implantable cardioverter defibrilla-
tor and pacemaker activity did not suffer any interference;
in particular. no aberrant activation of stimulators was
detected.

DISCUSSION

In radiofrequency neurotomy, the radio waves are deli-
vered to the targeted nerves via needles inserted through
the skin above the spine. Imaging scans are used during ra-
diofrequency neurotomy to help to position the needles. RF
iscommonly carried out percutaneously and local anaesthe-
sia is sufficient to perform it [6-13]. The procedure can be
done by placing an electrode (needle) under continuous
X-ray guidance in specific target points and passing a high
frequency electrical current through the electrode.

Pain relief from RF can last from 6 to 12 months and in
some cases relief can last for years [14, 15]. During the pain-
less period, drugs are drastically reduced. More than 70% of
patients treated with RF experience pain relief. RF has proven
to be a safe and effective way to treat some forms of pain,
and it is generally well-tolerated, with very few associated
complications. For these reasons, RF is the most common
treatment preferred in some forms of pain [16]. The main
side effect is some discomfort, including swelling and bru-
ising at the site of the treatment, which generally disappears
after a few days. External sources may interfere with the
appropriate function of medical devices. Radiofrequency
generators produce unmodulated signals with frequencies
of between 400 and 500 kHZ.

The presence of an electrical device indicates physicians
should not proceed with the RF intervention, to avoid pa-
tients being exposed to electromagnetic fields [16]; Chin et
al.[17] reported generator damage and complete inhibition
of pacemakers due to over sensing or pacing-rate increase in
dogs.This is an example of potential pacemaker interference
from another source of electromagneticinterference. Sun et
al.[18] demonstrated a case of percutaneous radiofrequency
trigeminal rhizotomy in a patient with a cardiac pacemaker
who underwent the procedure without incident. During
the postoperative period, the pacemaker was interrogated,
and no changes in variables were observed. As such, repro-
gramming of the pacemaker to its original settings was not
necessary. Sluijter et al. [19] recommended a cardiologist
consultation to a patient-carried pacemaker to convert the
PM to a fixed rate device for the duration of the procedure
and that patient-carried spinal cord stimulators in the mono-
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Table 1. Characteristics (sex, age, device implanted) of 30 patient-carried electrical devices

Patient Radiofrequency number Sex Age  Devicetype Radiofrequency level Time Kv mA
1 7 F 77 ICD L2-13,L3-L4,L4-L5, 0.25-0.45 73-96 3.5-38
L5-S1
2 2 M 67 SCS, PM INTERAPOPHYSEAL 0.04 84 37
JOINTS, OCCIPITAL
NERVE
3 3 F 67 ICD L5-S1 0.27-0.49 77-103 3.6-3.9
4 3 F 47 SCS L5-S1 2.1-4.23 67 3.1
5 4 F 45 SCS D12-L1,L1-L2, L2-L3 1.15 66 29
6 1 F 46 SCS SACROILIAC JOINT 0.41 63 2.5
7 1 M 72 ICD L4-L5, L5-S1 1.5-2.1 68-81 3.2-36
8 2 F 58 SCS SACROILIAC JOINT 1.26 94 3.8
9 2 F 49 SCS L4-L5 1.24 89 35
10 1 F 35 SCS L4-L5 0.40 60 2.6
1 2 F 48 SCS L3-L4, L5-S1 2.3-4,2 78 35
12 1 M 59 SCS TORACIC GANGLIA 0.25-0.45 84 3.6
13 1 F 51 SCS SACROILIAC JOINT 0.17 110 4
14 1 F 49 PM SCAROILIAC JOINT 2.7 85 24
15 1 F 68 ICD L1-L2, L2-L3, L3-L4, L4- 1.8 49 15
L5, L5-S1
16 1 F 38 SCS L5-S1 3.54 74 3.6
17 2 F 87 PM SOVRASCAPULAR 25 88 24
NERVE
18 3 M 76 SCS L3-L4, L4-L5 0.38-1.15 77-118 3.64
19 4 F 72 SCS L3-L4, L5-S1 429 67 3.1
20 2 F 72 PM LUMBAR JOINT, 2.3-2.7 81-88 2.8
SACROILIAC JOINT
21 2 M 54 SCS L4-L5 0.01-0.02 66-72 29-35
22 2 F 58 ICD L2-13, L3-L4, L4-L5, 1.26-1.54 67 3.3-38
L5-S1
23 1 M 77 SCS L4-L5 4.2 68 2.5
24 2 F 49 SCS L4-L5, L5-S1 15 77 35
25 1 F 45 PM SOVRASCAPULAR 2.2 80 2.7
NERVE
26 2 F 66 SCS L3-L4 0.10-0.04 53-72 1.0-3.7
27 1 F 40 SCS L5-S1 3.54 74 3.6
28 2 F 66 SCS L5-S1 0.1 55 1.0
29 4 F 72 SCS L5-S1 0.38 86 3.2
30 3 M 54 SCS L5-S1 4.0 50 35

polar mode setting should be changed to bipolar mode. We
did not follow these recommendations. Jeon et al. [16] de-
scribed a case where RF ablation of the third occipital nerve
resulted in spontaneous activation of a cervical SCS device.

In our study, none of the 30 patient-carried electrical
devices showed interference or complications due to the
electrical field generated during the radiofrequency treat-
ment procedure. In fact, there are no clear reports showing
atypical symptoms during RF procedures that would indi-
cate iatrogenic injury of a radiofrequency effect on medi-

cal devices. In general, interaction with RF devices would
be unusual as long as the current is delivered below the
umbilicus, as was the case in all of the patients in our study.

The main result of the present study was the positive
outcome of radiofrequency treatment in patients suffering
chronic pain and carrying medical devices. Commonly, pain
therapists work with patient-carried electrical devices, of-
fering alternative interventions to RF to treat their chronic
pain, such as steroid injections and physiotherapy, usually
with a lower efficacy than RF.
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In general, patients with medical devices undergoing RF
have their device checked before and after the procedure.
The potential interactions are asynchronous pacing, inhi-
bition of pacing, pacemaker reset, ventricular pacing up to
the Maximum Tracking Rate (MTR) and changes in pacing
thresholds. RF applications should be as brief as possible and
remote from the pacing electrode tip. Re-interrogation of
the device after the procedure is essential and integrity of
the circuit should be evaluated. In particular for a pacema-
ker, rate response function should be turned off. If a patient
is not dependent, the pacemaker can be programmed to
DDl or VVI at a lower rate than the intrinsic heart rate. If the
patient is dependent, the PM should be programmed to
VOO or DOO mode and a temporary PM wire should be in
place as back-up. ECGs must be monitored before, during
and after the procedure. For ICDs, the potential interactions
are asynchronous pacing, inhibition of pacing, inappropriate
shock therapy, and changes in pacing thresholds. To miti-
gate the possible interaction, deactivate anti-tachytherapy,
programme the device Tachy Mode to ‘off’ and the pacing
mode switches to VOO, AOO or DOO.

The implantation of spinal cord stimulators is designed
to treat chronic intractable pain; RF application could in-
terfere with SCS function, which may result in pain. An RF
probe placed too close to the device may generate enough
electromagnetic power to interfere with neurostimulator
function. To mitigate the possible interaction, the SCS was
turned off.

Our results suggest that the RF intervention can be
safely applied to patients carrying electrical devices, even
though there were few ICD and pacemaker patients, so we
will extend our cohort. Our long experience in RF allows us
to administer safely this easy and long-lasting procedure
also to this kind of patient.
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