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Abstract

Purpose Patients with implanted electrical devices

(IEDs) are vulnerable to electromagnetic interference

(EMI) from electrical equipment used in the perioperative

environment. As the indications for non-cardiac IEDs

increase, so too does the likelihood of anesthesiologists

encountering such patients who present for surgery. This

article reviews the important anesthetic considerations for

patients with implanted non-cardiac electrical devices.

Source We searched Medline (1980 to December 2008)

and Embase (1980 to December 2008) and reviewed all

relevant manuscripts regarding non-cardiac IEDs and

anesthesia.

Principal findings There are numerous non-cardiac

IEDs currently in use, including deep brain stimulators,

vagal nerve stimulators, gastric stimulators, phrenic nerve

stimulators, sacral nerve stimulators, and bone stimulators.

A key goal in the perioperative management of these

patients is to reduce the risk of adverse events resulting

from device interactions with electrocautery, external

emergency cardiac defibrillation, peripheral nerve stimu-

lation, neuraxial anesthesia, and magnetic resonance

imaging. We offer a general management strategy for

patients with IEDs presenting for surgery.

Conclusions In the absence of available anesthesia

management guidelines regarding non-cardiac IEDs in the

perioperative setting, anesthesiologists should appreciate

the basic principles pertaining to IEDs to ensure appro-

priate risk reduction strategies in order to enhance patient

safety.

Résumé

Objectif Les patients qui ont un appareil électrique

implanté (IED) sont vulnérables aux interférences élec-

tromagnétiques (EMI) provenant des appareils électriques

utilisés dans l’environnement périopératoire. Alors que les

indications pour l’implantation d’IED non cardiaques

s’étendent, la probabilité que les anesthésiologistes ren-

contrent de tels patients se présentant pour une chirurgie

augmente elle aussi. En l’absence de littérature pertinente

ou de directives pour l’anesthésie, cet article tente de

passer en revue les considérations anesthésiques impor-

tantes concernant les patients munis d’appareils

électriques implantés non cardiaques.

Source Nos recherches ont porté sur les bases de don-

nées Medline (1980 à décembre 2008) et Embase (1980 à

décembre 2008) et nous avons passé en revue tous les

manuscrits pertinents concernant les IED non cardiaques

et l’anesthésie.

Constatations principales Il existe de nombreux IED

non cardiaques, notamment des stimulateurs cérébraux

profonds, des stimulateurs du nerf vague, des stimulateurs

gastriques, des stimulateurs du nerf phrénique, des stim-

ulateurs du nerf sacré et des stimulateurs osseux. La prise

en charge périopératoire a pour but de réduire le risque

d’effets secondaires provenant de l’interaction de ces

appareils avec l’électrocautère, la défibrillation cardiaque

externe d’urgence, la stimulation de nerfs périphériques,

l’anesthésie neuraxiale et l’imagerie par résonance

magnétique. Nous proposons une stratégie générale de

prise en charge des patients ayant un IED et devant subir

une chirurgie.
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Conclusion En l’absence de directives de prise en

charge de l’anesthésie concernant les IED non cardiaques

dans un contexte périopératoire, les anesthésiologistes

devraient être conscients des principes de base concernant

les IED et ce, afin de garantir que des stratégies adéquates

de réduction des risques soient mises en place pour amé-

liorer la sécurité des patients.

Since the introduction of the cardiac pacemaker into clin-

ical medicine, there has been a growing interest in the

clinical applications of electrotherapy and neuromodula-

tion and also in the research relating to this speciality. This

pursuit has led to the development of several non-cardiac

implantable electrical stimulation devices.1 These implan-

table electrical devices (IED) provide a number of

treatment options in many diseases that cannot be managed

by medication alone. The most common examples of im-

plantable non-cardiac electrical devices include spinal cord

stimulators (SCS), deep brain stimulators (DBS), vagal

nerve stimulators (VNS), and sacral nerve stimulators.

With the growing popularity of such devices, anesthesiol-

ogists are increasingly likely to encounter patients with

such devices in situ presenting for surgery.

Understanding the potentially adverse effects of elec-

tromagnetic interference regarding these devices is

paramount to safe anesthetic management. Specifically,

interaction with common medical equipment, namely,

electrocautery, defibrillators, magnetic resonance imaging

(MRI), and peripheral nerve stimulators (PNSs) has the

potential to cause serious injury. Unfortunately, there is a

paucity of literature on the subject of perioperative man-

agement of patients with non-cardiac IEDs. We undertook

a literature review to provide an update concerning the

clinical functioning, operating mechanisms, anatomical

location, clinical indications, potential complications, and

anesthetic implications of IEDs. The review does not

address perioperative care of patients undergoing surgery

for implantation of such electrical devices.

Search strategy

The literature search for this review was conducted in

December 2008 using MEDLINE (1980 to Dec 2008) and

EMBASE (1980 to Dec 2008) to include the following

search terms: ‘‘Implantable electrical device,’’ ‘‘General

Anesthesia,’’ Regional Anesthesia,’’ ‘‘Diathermy,’’ ‘‘Deep

Brain Stimulator,’’ ‘‘Vagal Nerve Stimulator,’’ ‘‘Spinal

cord stimulators,’’ ‘‘Neuro stimulator and pacemakers.’’

The search was limited to human studies and English

language. The bibliography of each article was then

reviewed to seek additional articles.

Implantable electrical devices

In general, IEDs are comprised of three components. The

first component is the pulse generator, which is battery

powered and can be externally programed by either the

patient or the physician. The second component consists of

electrodes designed for implantation in the target neural

tissue. The electrodes are of different sizes, lengths, and

design, as required for percutaneous insertion or surgical

implantation. The third component is the cable connecting

the pulse generator to the electrodes. Individual devices

vary with respect to location of the pulse generators and

their programability.

Deep brain stimulator

Deep brain stimulation is a minimally invasive, targeted

neurosurgical intervention that enables structures deep

within the brain to be stimulated electrically by an

implanted pacemaker.2 Since its success with Parkinson’s

disease, the scope of DBS has been expanded to other

movement disorders (tremors, tics, and dystonias), psy-

chiatric illness (major depression, obsessive-compulsive

disorder), chronic pain, and refractory epilepsy.3 The most

common targets for stimulation include the thalamus, the

globus palladium, and the subthalamic nuclei.4 To place

the stimulating electrode(s) in the targeted area, the sur-

geon uses a stereotactic frame with CT/MRI guidance, as

well as other techniques, such as microelectrode recordings

with stimulation testing of an awake patient. The wire

electrodes are then tunnelled subcutaneously from the head

and neck to the chest wall where they are attached to a

pulse generator. Adjustable settings of the pulse generator

include electrode selection, stimulation pulse amplitude,

pulse width, and frequency. The patient may turn the

device on or off and may switch between settings by using

an external magnet.5 In addition, clinicians can also adjust

stimulation parameters via telemetry to meet each patient’s

individual needs.

Vagal nerve stimulator

In 1997, the US Food and Drug Administration (FDA)

approved the use of VNS for the management of medically

refractory epilepsy. Since then, approximately 32,000

people with epilepsy have been treated with this device.

The postulated mechanism of action involves the stimula-

tion of afferent vagal nerve fibers that modulate cerebral

neuronal excitability through the activation of either the

limbic system or the noradrenergic neurotransmitter
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system, or through generalized brain stem arousal.6,7 The

vagal nerve stimulation generator is inserted subcutane-

ously below the left clavicle. The electrode is implanted

into the left vagal nerve. This procedure is typically per-

formed under general anesthesia.8 The external programing

system includes the programing wand or magnet, the

software, and the compatible computer.

Sacral nerve stimulator or bladder stimulator

Sacral nerve stimulation was initially used for urinary

incontinence in patients with severe neurological disease.9

However, the indications for sacral nerve stimulation have

since been expanded to include neurogenic refractory urge

incontinence, interstitial cystitis, pelvic pain, and fecal

incontinence.10 Following a trial with a temporary stimu-

lator that paces the bladder externally through the skin,

patients with favorable results undergo surgical implanta-

tion of the permanent device, which consists of a lead wire

containing four platinum electrodes. The wire is inserted

surgically into the sacral foramen at S3 on one side adja-

cent to the sacral nerve. The generator itself is implanted

subcutaneously in the hip area.11

Phrenic nerve stimulator or diaphragmatic pacemaker

A diaphragmatic pacemaker electrically stimulates the

phrenic nerve to cause rhythmic contraction of the dia-

phragm.12, 13 Since its approval by the FDA in 1987, this

device has been used to treat hundreds of patients with

respiratory failure due to high cervical cord injury (C1–C2)

or respiratory center dysfunction (central alveolar hypo-

ventilation).14 Successful implantation of the diaphragm

pacemaker relies on an intact phrenic nerve and a func-

tional diaphragm. Hence, patients with lesions of the

phrenic nerve, its nucleus, or weakness of the diaphragm

are not suitable candidates.12,13 Surgical implantation of a

diaphragmatic pacemaker is usually performed laparo-

scopically. Four electrodes are implanted in each phrenic

nerve. A receiver implanted in the subcutaneous tissue is

connected to the electrodes by platinum leads. An external

portable battery-operated transmitter generates radio

waves, which are converted to an electrical stimulus by the

receiver.14 The amount of electrical voltage is proportional

to diaphragm contraction or tidal volume. The transmitter

controls the frequency of breaths, tidal volume, pulse

interval, pulse width, and slope of pulse.12

Spinal cord stimulator

The SCS was first introduced in the 1960s. The common

indications for spinal cord stimulation include failed back

surgery syndrome (FBSS), complex regional pain

syndromes (CRPS), peripheral vascular disease, and

refractory angina.15,16 Patients selected for this therapy are

those who are refractory to conventional medical and sur-

gical therapies. Though multiple mechanisms have been

explored, the exact mechanism activating SCS is poorly

understood.17 In general, a trial insertion of an electrode is

performed through either the percutaneous route or a

laminectomy. The electrode is then connected to an

external programer. If the patient is selected as a candidate,

an internal pulse generator is implanted as a separate pro-

cedure. The site of electrode placement depends on the site

of pain. In general, the electrode is placed at the T9-L1

level for lower limb pain, C6 to T2 for angina, and C4 to

T1 for upper limb pain.17,18

Gastric pacemaker

In 2000, gastric electrical stimulation (GES) was approved

by the FDA for the treatment of gastroparesis refractory to

medical therapy.19. Control of gastric motility by myo-

electric activity is the basis for use of GES in gastropare-

sis.20 Gastric pacing generates high frequency stimuli that

enhance motility and facilitate emptying. However, the

exact mechanisms underlying gastric pacing are not fully

understood. Two bipolar leads are implanted laparoscopi-

cally into the muscle wall of the stomach and then joined

with a subcutaneous electrical stimulator, which is usually

placed in the upper abdomen. A programing device is used

to control and adjust the settings of the neurostimulator.

Bone stimulator

Electrical bone stimulation can be used to enhance bone

growth. The relationship of electrical stimulus and bone

growth is based on scientific experiments that reported the

inherent bioelectrical property of bone. It has been shown

that bone modifies its structure in response to an electrical

stimulus. This led to development of bone stimulators to

promote healing.21 The primary indication for bone sti-

mulators have been for non-union or delayed unions. Failed

arthrodesis and spinal fusion have since been added as

indications.22 Bone stimulators can be subdivided into

invasive and non-invasive categories. The non-invasive

device, which uses an electromagnetic field to stimulate

bone growth, consists of a generator and electrodes

attached to the surface of skin. The invasive technique,

which uses direct current, involves surgical implantation of

electrodes at the desired site for bone growth. The negative

electrodes are placed at the site where bone repair is

desired and a positive electrode is placed in the soft tissue.

A generator is placed in nearby subcutaneous tissue or in

an intramuscular plane.
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Laryngeal nerve stimulator

Laryngeal pacing devices are used to prevent aspiration by

causing dynamic laryngotracheal closure.23 Stroke-related

dysphagia affects approximately 500,000 patients in the

United States, and half of these patients experience aspi-

ration.24 First described in 2001, the device consists of

bipolar electrodes implanted surgically into a recurrent

laryngeal nerve and a receiver–stimulator implanted sub-

cutaneously. Activation of the stimulator is performed

through an external transmitter. When swallowing is ini-

tiated, the stimulator is activated causing glottic closure,

thus preventing aspiration.

Perioperative management

Currently, there are no guidelines for the perioperative

care of patients with implantable non-cardiac electrical

devices. In addition to potential interactions of IED with

other medical devices, the actual disease process for

which the IED was inserted (e.g., Parkinson’s disease,

chronic pain, refractory epilepsy, and chronic spinal cord

injury) can render the perioperative care of these patients

difficult. The Association of Operating Room Nurses

(AORN) provides a general guidance statement on the

perioperative care of patients with implanted electrical

devices.25 Based on the available literature, the AORN

guidance statement, and the manufacturers’ manuals, we

suggest the following risk reduction strategy for the

perioperative care of patients with non-cardiac implan-

table pacemakers or stimulators.

General considerations

Preoperative period

All patients with non-cardiac IEDs should be seen in the

anesthesia consult clinic prior to surgery. The preoperative

assessment should focus on both the IED and the medical

condition for which the IED is indicated. Similar to car-

diac pacemakers and defibrillators, the following

information should be collected and documented in the

medical chart:

• Type and location of non-cardiac IED

• Date of implantation and last check

• Anesthetic complications during insertion

• Current status of IED in terms of symptoms control

• Programability of the device (turning off)

• Severity of symptoms when the device is turned off

• Current medications

In addition, the physician who implanted the IED should

be made aware of the upcoming surgery. The anesthesi-

ologist should discuss the management plan with the

physician regarding the perioperative care of these patients.

The discussion should focus on safety concerns and

equipment conflicts, programing the device, medication

changes when the IED is turned off, and postoperative

evaluation of the IED. The appropriate industry repre-

sentative should be contacted, and arrangements should be

made for his/her presence during the perioperative period.

Intraoperative period

All operating room personnel should be notified that the

patient has an IED and should review potential safety

concerns and equipment conflicts which may affect the

proper functioning of IEDs. The programing module and

the appropriate medical and/or industry personnel should

be present in the operating room before the start of surgery.

To reduce the possibility of creating static electricity in the

environment, the humidity and temperature in the operat-

ing room should be maintained within recommended

ranges. The temperature in the operating room should be

between 20 and 24�C (68 and 76�F), and the humidity

should be between 50% and 60%.25 Patients can suffer

serious injuries as a result of device interactions. These

devices may include electrocautery, external or implanted

cardiac pacemakers, external or implanted defibrillators,

PNSs, and magnetic resonance imaging (MRI).

Device interactions

Electrocautery

According to the manufacturers’ technical manuals, the use

of diathermy is contraindicated in patients with deep brain,

bladder, gastric, phrenic nerve, and SCSs. There are two

case reports of serious brain tissue damage with the use of

diathermy in patients with DBS.26,27 Although this is

alarming, it is important to note that the diathermy referred

to in the IED technical manual and case reports is not the

conventional surgical electrocautery but includes short-

wave diathermy, microwave diathermy, and therapeutic

ultrasound. Diathermy refers to the generation of local heat

in body tissues for therapeutic purposes. Many allied health

professionals, such as physiotherapists, chiropractors, and

sports injury therapists, routinely use diathermy to treat a

wide variety of conditions. Diathermy that uses short wave,

microwave, or ultrasound energy can cause permanent

nerve or tissue damage in patients with a neurostimulator,

even if this device is switched off. Electrocautery that is

used in routine surgical practice can also damage the leads

and can cause temporary suppression of neurostimulator
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output and/or reprograming of the device. The manufac-

turers’ recommendations for safe use of electrocautery in

patients with non-cardiac IEDs are similar to those for

cardiac pacemakers and include avoiding electrocautery

and using bipolar rather than unipolar electrocautery. If

unipolar electrocautery is mandated, the ground plate

should be kept as far away as possible from the pulse

generator and the leads.26,27

Emergency external defibrillation

Anesthesiologists may also encounter the need of exter-

nal defibrillation in patients with an IED. It is known

that external cardioversions and defibrillations deliver

large amounts of electrical energy to cardiac pacemakers

and can damage the cardiac pulse generator.28,29 How-

ever, the literature on external defibrillation in patients

with non-cardiac IEDs is sparse. In this context, if

external cardioversion or defibrillation is needed, several

steps should be taken to minimize the electrical current

flowing through the neurostimulator. First, position the

paddles as far away as possible from the IED. Second,

position the paddles perpendicular to the IED; use the

lowest clinically appropriate output setting, and, finally,

confirm that the IED is functioning properly after

defibrillation.

Peripheral nerve stimulation

Peripheral nerve stimulators used for nerve localization

during peripheral nerve block may interfere with the per-

formance of IEDs. There are two published case reports

describing the use of PNS in patients with IEDs. One

involved the interaction with a cardiac pacemaker, and the

other involved a non-cardiac implantable electrical device

(DBS).30,31 Englehardt et al. reported a case of cardiac

pacemaker malfunction with the use of a PNS. In this case,

the use of a PNS with pulse duration of 1 ms led to com-

plete but transient inhibition of a permanently implanted

pacemaker. No inhibition was observed during nerve

stimulation with pulse duration of 0.1 ms.31 In the other

case report involving the use of a nerve stimulator for

supraclavicular block, there was no interference with the

DBS and no resulting complication.30

There are several safety precautions which should be

considered during peripheral nerve blocks in patients with

implantable electrical devices.32 First, apply the electrical

current in such a fashion that it will not cross the pulse

generator and the lead system. Second, avoid high pulse

duration and high frequency. Alternatively, it has been

recommended to use ultrasound guidance for localizing the

peripheral nerve.33

Neuroaxial anesthesia

Spinal anesthesia is not contraindicated in patients with a

SCS or a sacral nerve stimulator. The electrode placement

site for the SCS is adjacent to the cord level (L1 or above);

the electrode placement site for the sacral nerve stimulator

is adjoining the sacral nerve root, and the insertion site for

the spinal needle is generally between L1 and L5. How-

ever, before attempting any spinal anesthesia, the clinician

should obtain an X-ray or an operative record of the sti-

mulator system, as the stimulator entry site and the course

of the connecting cable may be in the spinal needle

insertion region. For instance, the insertion site for the SCS

can be as low as the interlaminar space of L2–3. In that

case, the needle insertion should be below that level to

avoid damaging the electrode. The situation is different for

the insertion of an epidural catheter, which can potentially

reach a higher level above the needle insertion site. Thus,

the clinician should avoid the use of a lumbar epidural

catheter when the electrode is in the lower lumber segment.

Exceptions to the above guidelines would be situations

where the stimulator electrode is quite remote from the

epidural insertion site, such as a lumber epidural catheter

for insertion in a patient with a cervical stimulator elec-

trode, or situations where there is a high epidural catheter

in a patient with a low stimulator electrode.34

Magnetic resonance imaging safety

The subject of MRI compatibility with DBS and other

IEDs is a source of intense and ongoing controversy. The

principal MRI safety concerns for electrical stimulation

devices include heating at the tissue level, magnetic field

interaction, induced electrical currents, and functional

disruption of the operational aspects of these devices.35

Two case reports in the literature describe serious injury

after MRI in patients with DBS. In both patients, serious

adverse events occurred during scanning that was per-

formed outside the guidelines provided by the device

manufacturers.36,37 However, case reports in patients

undergoing MRI with a VNS, sacral nerve stimulator, and

bladder pacemaker have proven to be successful when

specific precautions were undertaken.38,39 In general, there

is a wide variation in the spectrum of MRI techniques used

at different institutions, implying that every patient with an

implanted stimulator device should be evaluated on an

individualized basis in order to maximize patient safety.11

Device-specific considerations

Among all the non-cardiac IEDs, VNS are unique because

of adverse effects pertaining to chronic vagal nerve stim-

ulation. The common respiratory side effects of chronic

324 L. Venkatraghavan et al.

123



vagal stimulation include dyspnea on exertion, altered

breathing patterns (gasping), snoring during sleep,

decreased airflow, and heightened respiratory effort during

sleep.40–42 In addition, one-third of patients with refractory

epilepsy may have baseline obstructive sleep apnea

(OSA).43 A combination of respiratory side effects of

chronic vagal nerve stimulation, residual anesthetic effects,

and concomitant OSA may increase the risk of postoper-

ative respiratory compromise.

The vagus nerve supplies sensory and motor innervation

to the pharynx and larynx. It has been shown that chronic

vagal stimulation can cause laryngopharyngeal dysfunction

and risk of aspiration of gastric contents. In addition,

abnormal motion of the vocal cords resulting from vagal

stimulation can cause partial airway obstruction during

general anesthesia in patients with a laryngeal mask air-

way.44 Trauma to vocal cords has been reported in patients

managed with an endotracheal tube, as the VNS intermit-

tently adducts the vocal fold against the rigid endotracheal

tube.45 Another major effect of chronic vagal stimulation

includes changes in heart rate variability due to changes in

the sympatho-vagal balance in the heart.46,47 No study has

reported clinically relevant arrhythmias or cardiac side

effects related to chronic VNS.48,49

Postoperative period

All patients should be examined postoperatively for

potential damage in and around the location of the IED,

and the IED should be evaluated and reprogramed by

appropriately qualified individuals.

Conclusions

As the indications for non-cardiac IEDs continue to

increase, so too does the likelihood that anesthesiologists

will encounter patients with such devices presenting for

related or unrelated surgery. In the absence of available

anesthesia management guidelines regarding non-cardiac

IEDs in the perioperative setting, anesthesiologists should

appreciate the basic principles pertaining to IEDs to ensure

appropriate risk reduction strategies in order to enhance

patient safety.
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