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Objective permanently damaged or changed. If electrocautery is

To identify the sources of electromagnetic interference (EMI)
that may alter the performance of implanted cardiac devices
and develop strategies to minimize their effects on patient
hemodynamic status.

Summary Background Data

Since the development of the sensing demand pacemaker, EMIin
the clinical setting has concerned physicians treating patients with
such devices. Implanted cardiovertor defibrillators (ICDs) and ven-
tricular assist devices (VADs) can also be affected by EMI.

Methods

to be used, pacemakers should be placed in a triggered
or asynchronous mode; ICDs should have arrhythmia
detection suspended before surgery. If defibrillation is to
be used, the current flow between the paddles should be
kept as far away from and perpendicular to the lead sys-
tem as possible. Both pacemakers and ICDs should be
properly shielded if magnetic resonance imaging, positron
emission tomography, or radiation therapy is to be used.
The effect of EMI on VADs depends on the model. Mag-
netic resonance imaging adversely affects all VADs ex-
cept the Abiomed VAD, and therefore its use should be
avoided in this population of patients.

All known sources of interference to pacemakers, ICDs, and
VADs were evaluated and preventative strategies were devised.
Results Conclusions
All devices should be thoroughly evaluated before and af-
ter surgery to make sure that its function has not been

The patient with an implanted cardiac device can safely undergo
surgery as long as certain precautions are taken.

The development of the sensing demand pacemaker in tfect. The medical community became increasingly aware of
1960s brought with it the problem of interference. Thesehe dangers of EMI and the possible responses of pacemak-
new pacemakers were able to sense and react to the chaegs to it. Physicians were able to counsel pacemaker patients
ing needs of the heart but could also sense and react &out the dangers of EMI outside the clinical setting and
electromagnetic signals that were not cardiac in origin. Iilhecame better prepared to recognize and correct the effects
the 1970s, as the population of patients with demand pacgs EmI within the clinical setting.
makers increased, the interaction between pacemakers androgay’s pacemakers have been engineered to be more resistant
electromagnetic interference (EMI) became a topic of imy, £\, and few sources of EMI still cause alteration in function.
portance within the medical community—indeed, during,ever, in the surgical setting several problems still occur. The
the 1980s several review articles were written on the subseseny sitation is complicated by increasing numbers of surgical
patients with implanted cardiovertor defibrillators (ICDs) and ven-
c Sence: Jonn D. Madi o Nioo Edwarde. M. Cotumbi tricular assist devices (VADs), both of which can be affected by
Orrlfrseps%r;t;ri‘;ﬁ' Vedioal 'Ceriésa,\r/‘l’”sct;n Li?)cs’pi ta‘l"’gL"Sding . 4305?'1’7;%%. Itis the purpose of this article to provide physicians with the
Fort Washington Ave., New York, NY 10032. practical considerations necessary to perform surgery on patients
with implanted cardiac support.
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SOURCES OF EMI maker and ICD malfunction, but it is just much less likely than
if the current is demodulated.

Electromagnetic interference occurs in two forms: con- Defibrillation involves the delivery of high-voltage cur-
ducted and radiate€ConductedEMI occurs when an elec- rent in the immediate vicinity of the heart. Although all
tromagnetic source comes in direct contact with the bodypacemakers and ICDs use some form of defibrillation pro-
This type of EMI can be generated by electrocautery andection (usually zener diodes) to shunt excessive current
defibrillation.RadiatedEMI occurs when the body is placed away from the delicate internal components of the pulse
within an electromagnetic field; no contact with the sourcegenerator, the protection is by no means comglete.
is necessary. This type of EMI can be generated by mag-
netic resonance imaging (MRI), positron emission tomog-
raphy (PET), and radiation therapy. The effects of radiate®ONSEQUENCES OF EMI
EMI. are usu'ally only temporgry, resultmg n alteranqn of Variables that determine the effects of a particular source
device function for the duration the patient spends in the

electromagnetic field. However, MRI has been reported tOf EMI include the intensity of the field or source, the
9 ‘ ' P c}requency and waveform of the signal, the distance between

reprogram a pacemaker permanently, causing alteration he source and the leads of the pacemaker or ICD, and the
function until the device is returned to the appropriate . . . ) '
orientation of the leads with respect to the field or sodrce.

program modé=3In addition, the ionizing radiation used in : ) M
radiation therapy and PET has the potential to damage th\éarlables that determine the ability of a pacemaker or ICD

internal circuitry of the pulse generator, although this ist0 pick up EMI include the number of leads and the distance

rarely reported. For these reasons, any patient who s to bbetween the anode (positive tip of the lead) and the cathode

exposed to these forms of EMI should have his or her devicé%eg.]"’mve tp Of. the .Iead). This distance is quite small in
devices employing bipolar leads because both the anode and

E;ct)ggr;yftser;\l;;drgd during the procedure and thoroughly evaLEhe cathode are contained within the tip of the lead. The
o . distance is much greater in devices employing unipolar

In the surgical setting, conducted EMI produced by elec- . i
A ) leads because the anode is the metal case surrounding the

trocautery and defibrillation can cause several different al-

. . . . pulse generator and the cathode is at the tip of the lead.
terations in device function. Although electrocautery may : .
: : Therefore, devices that employ bipolar leads are much more
be avoided in some procedures, other procedures are almaost

impossible to perform without it. Likewise, in certain situ- resistant to EMI than those that employ unipolar leads. The

ations defibrillation is a necessity. For these reasons it igumber of leads is also important. Dual-chamber systems

: . ick up more EMI than single-chamber systems simply
necessary for surgeons operating on patients who rely oE

implanted cardiac support to be able to recoanize and mar €cause there are more leads acting as antennae within the
P bp cog "eart. In addition, because signals can be picked up only if
age the problems produced by these devices.

Electrocautery involves passing a high-voltage. hi h-fre-they are traveling parallel to a lead, and the leads in a
Y P 9 9 ge, hig dual-chamber system are frequently oriented perpendicular

quency (10,000 Hz) cqrrent through tissue to cut or.coagulat% each other, it follows that dual-chamber systems provide
This current can be bipolar or monopolar, depending on the e .
. . .a larger area of sensitivity. Unfortunately, few patients have
type of system being used. Monopolar current begins at the t|8. )
. ipolar, single-chamber pacemakers. In fact, most of to-
of the instrument, travels through the body, and returns to the " | ) .
; X . Eiay s pacemakers are dual-chamber, unipolar units, many of
generator through a dispersing ground plate. Bipolar current : s . . .
; which employ high sensitivity settings in the atrial compo-
does not require a ground plate because both electrodes are .
o . . . ént to sense low-amplitude P waves.
built into the tip of the instrument. This means that the current’ - L
. . . Electromagnetic interference can affect pacing in the
flows only through the area of tissue in direct contact with the, . )
. . : following ways (Table 1):
instrument. However, bipolar electrocautery units are much
less powerful. This can be an advantage if the surgery is 1. The signal might be interpreted as cardiac in origin
delicate but renders them impractical for many procedures. and temporarily inhibit or trigger output, depending on
When monopolar electrocautery is used, surgeons may use the the pacing mode.
electrocautery to pass current through other surgical instru- 2. The signal might be interpreted as noise and tempo-
ments. This normally poses no problems. However, if the rarily cause reversion to an asynchronous pacing
electrocautery is activated before it is in contact with the mode at a rate set by the manufacturer. This can lead
surgical instrument, the current can arc through the air toward to dangerous tachyarrhythmias as a result of an R-
the instrument and demodulate. When the current is demodu-  on-T phenomenon.
lated, its frequency fluctuates. Normally the current remains at 3. The signal might be interpreted by the device as a
a frequency of 10,000 Hz, but if it is allowed to demodulate it programming signal, leading to inappropriate repro-
can dip well into the frequency range that pacemakers and  gramming.
ICDs are designed to sense. These devices might interpret the4. A continuous train of electrical impulses, such as that
current as cardiac in origin and respond inappropriately. Nor- produced by electrocautery, conducted down the lead

mal electrocautery current at 10,000 Hz can also cause pace- can induce ventricular or atrial fibrillation.
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Table 1. EFFECTS OF EMI ON PACEMAKERS

EMI Source Potential Effects Solutions
Electrocautery Temporary inhibition or triggering of output, reversion to an Use the appropriate programming device to
asynchronous mode, inappropriate reprogramming, induced convert to an asynchronous mode; use
AF and VF, burns at lead-tissue interface electrocautery for only 1-sec bursts, allowing
10 sec for proper device function.
Defibrillation Permanent damage to pulse generator, burns at lead-tissue Orient paddles perpendicular to lead system
interface (this may be impossible with dual-lead
systems); use the lowest current setting
possible.
Radiation therapy Damage of MOS circuitry, inappropriate reprogramming Cover pulse generator and lead area with lead.
PET Damage of MOS circuitry, inappropriate reprogramming Cover pulse generator and lead area with lead.
MRI Inappropriate reprogramming, physical movement of pulse Avoid this test for device-dependent patients.
generator

AF, atrial fibrillation; EMI, electromagnetic interference; MOS, metal oxide silicon; MRI, magnetic resonance imaging; PET, positron emission tomography; VF, ventricular
fibrillation.

5. High levels of current can pass through the devicemanufacturers. Just as EMI can mimic normal cardiac ac-
down the lead, and into the endocardium, causingivity, it can also mimic abnormal cardiac activity. If a
thermal burns at the lead-tissue interface. This caignal is interpreted by the ICD as VT or VF, it can respond
raise the pacing threshold, leading to an inability ofinappropriately by initiating antitachycardia pacing or de-
the device to stimulate the myocardium. livering a countershock. If the signal is interpreted as noise,

6. High levels of current can pass from the leads to thehe device may respond by suspending arrhythmia detec-
pulse generator and cause irreversible loss of batteryjon, leaving the patient unprotected.

output. Many strategies have been employed to protect today’s
Because many of today’s ICDs also incorporate pacingPacemakers and ICDs from EMI. The most important of
all of these effects can be observed in ICDs. these advances are electrical filtration systems designed to

Electromagnetic interference can also alter the functiongcrease the ability to discriminate between EMI and signals
of cardioversion and defibrillation in the ICD (Table 2). that are cardiac in origin. A band pass filter provides the
ICDs sense rate (R-R interval), monitor the amount ofinitial line of defense by prohibiting the entry of signals that
activity that the ECG spends near the isoelectric line, and@re above or below a certain frequency threshold. Once the
may even monitor hemodynamic parameters. Most devicesignal enters the internal circuitry, its frequency and ampli-
respond to ventricular tachycardia (VT) with either anti- tude are evaluated. If the signal is similar in frequency and
tachycardia pacing or low-energy countershocks, and t@mplitude to a cardiac signal, then it will be interpreted by
ventricular fibrillation (VF) with high-energy counter- the device as cardiac in origin and the appropriate response
shocks® However, specific criteria for arrhythmia detection, will be delivered. If the signal is above or below the de-
cardioversion, and defibrillation vary between models andiice’s frequency threshold or continuous in nature, the

Table 2. EFFECTS OF EMI ON ICDs

EMI Source Potential Effects Solutions

Electrocautery Inappropriate antitachycardia pacing, inappropriate countershocks, Suspend Arrhythmia detection for the duration of
inappropriate suspension of arrhythmia detection, permanent surgery (consult the responsible cardiologist).
damage of pulse generator

Defibrillation Permanent damage to pulse generator, burns at lead-tissue Orient paddles perpendicular to lead system (this
interface may be impossible with dual-lead systems);

use the lowest current setting possible.

Radiation therapy Damage of MOS circuitry, inappropriate reprogramming Cover pulse generator and lead area with lead.

PET Damage of MOS circuitry, inappropriate reprogramming Cover pulse generator and lead area with lead.

MRI Inappropriate reprogramming, physical movement of pulse Avoid this test for device-dependent patients.
generator

AF, atrial fibrillation; EMI, electromagnetic interference; ICDs, implanted cardiovertor defibrillators; MOS, metal oxide silicon; MRI, magnetic resonance imaging; PET,
positron emission tomography; VF, ventricular fibrillation.




642 Madigan and Others Ann. Surg. » November 1999

Table 3. EFFECTS OF EMI ON VADs

Type of VAD Effects of Electrocautery Effects of Defibrillation Effects of MRI

TCI VE-LVAD Erratic device output, reversion to Timing circuit can be damaged if not Device malfunction, significant drop in cardiac

fixed mode disconnected. output

TCI IP-LVAD No effect Timing circuit can be damaged if not Device malfunction, significant drop in cardiac
disconnected. output

Novacor LVAD  No effect No effect Device malfunction, significant drop in cardiac
output
Abiomed VAD No effect No effect No effect

Thoratec VAD No effect No effect Device malfunction, significant drop in cardiac
output

Solutions Use electrocautery for only 1-sec Disconnect timing circuit. MRI should be avoided in these patients.

bursts, allowing 10 sec for
proper device function.

EMI, electromagnetic interference; MRI, magnetic resonance imaging; VADs, ventricular assist devices.

device will interpret the signal as noise. Most pacemakersliaphragm. The distance between the sensor and the dia-
respond to noise by reverting to an asynchronous modghragm correlates with the strength of the magnetic field.
most ICDs respond to noise by suspending arrhythmia dethe Novacor LVAD monitors diaphragm position in a
tection. similar way! In the TCI VE-LVAD, the circuits for both
Pacemakers and ICDs also employ zener diodes designeithing and motor current are housed within a single drive
to shunt high levels of current flow away from the delicateline; this means that the timing circuit cannot be discon-
internal circuitry. However, repeated exposure to high levnected without interrupting the current that drives the pump.
els of current, such as occurs during repeated attempts a@he timing circuit of the TCI IP-LVAD can be disconnected
defibrillation, can overwhelm these protection circuits, re-separately, and the device will function normally in a fixed
sulting in permanent damage to the pulse generator. Alsoate modé:®
the current shunted away from the pacemaker or ICD can Because all of the electronics for timing and driving the
lead to myocardial burns at the lead-tissue interface. Novacor LVAD are housed within the external controller,
Ventricular assist devices can also be affected by EMMhich is shielded from EMI, it is not affected by defibril-
(Table 3). Five devices are currently in widespread use. Théation or electrocautery The same is true for the Thoratec
Novacor LVAD, TCl VE-LVAD, and TCI IP-LVAD are and Abiomed VADs, which are extracorporeal and therefore
implantable; the Abiomed VAD and Thoratec VAD are electromagnetically isolated from the patient. In the case of
extracorporeal. VADs are implantable pumps used for cirthe TCI devices, some of the electronics used to monitor the
culatory support in patients with congestive heart failure position of the diaphragm are located within the device,
Blood fills the device through a cannulation site in thewhich is not completely shielded from EMI. Defibrillation
ventricle or atrium. Within the device, a diaphragm is ac-can damage these electronics. TClI recommends that the
tuated pneumatically (TCI IP-LVAD, Abiomed VAD, Tho- timing circuit of the TCI IP-LVAD be disconnected from
ratec VAD), electrically (TCI VE-LVAD), or magnetically the external controller before any defibrillation attempt.
(Novacor LVAD), pumping blood into the aorta or pulmo- Because its timing circuit cannot be disconnected sepa-
nary artery. The rate of operation of these units can be set aately, TCl recommends that the TCI VE-LVAD be turned
a predetermined rate (fixed mode) or a mode in which theff and disconnected from the external controller before
rate changes in response to venous return (automatic modedefibrillation. During this period, device function can be
In automatic mode, the device rate accelerates when fillingnaintained using a pneumatic external controller or a hand
is adequate and decelerates when filling is inadequate. Thrump° Although damage to these timing circuits second-
Abiomed VAD monitors filling by sensing the pressure in ary to defibrillation has occurred, it is rare. However, loss of
the pneumatic drive line. The other VADs monitor filling the automatic mode capabilities of these devices can have a
using a circuit that relays diaphragm position information toprofound impact on a patient’s ability to rehabilitate before
the external controller. In the TCI VE-LVAD, this informa- transplantation. Therefore, every effort should be made to
tion comes from a circuit that monitors the angular positionprotect these timing circuits.
of the motor, which correlates with the linear position of the Most patients with LVADs are completely supported by
diaphragm. The TCI IP-LVAD and Thoratec VAD use a the device. VT and VF do not affect cardiac output to the
slightly different circuit. The diaphragm of each device is same extent as they would in a patient without support. The
magnetic, and its position is monitored by a sensor thatardiac output may decrease slightly as a result of the loss
measures the strength of the magnetic field generated by tleé right ventricular function, but Fontan physiology will
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usually allow the LVAD to fill and maintain systemic per-
fusion. This is not to say that these types of arrhythmias are
not malignant in this population of patients. However, once
the arrhythmia is recognized, the support team can take th@merican Pacemaker Corporation
few minutes it takes to protect the device before defibrilla- (Intermedics, Inc.)
tion is attempted. Angeion Gorporation .

The function of the TCI devices can also be affected b Biignmeﬂga' Products (Intermedics, Inc)
electrocautery. Theoretically, the timing circuit of the TCl ;3 giac Control Systems
IP-LVAD can be disrupted by electrocautery, but this iscpri/Guidant
rarely reported. However, if the timing circuit appears to beCardio-Pace Medical, Inc.
affected, the device can be put in fixed mode and the timing©ok Pacemaker Corporation
circuit disconnected. The TCI IP-LVAD, which uses air to C0ratomic (Biocontrol Technology)

. . . Cordis (Telectronics Pacing Systems)
drive the pump, is otherwise unaffected. The TCI VE- pyqnmedcor
LVAD uses electricity to drive the pump, and it exhibits an Eqwards Pacemaker Systems (Medtronic, Inc.)
erratic pattern of current output during the use of electro-ELA Medical
cautery. This results in a significant drop in device output.ntermedics, Inc.
Electrocautery also causes reversion of the device to fixekfg\igl'c‘ Inc.
mode; automatic mode must then be reentered manually. T8,
avoid constantly changing modes, it is recommended thatace Medical
the TCI VE-LVAD be placed in fixed mode for the duration Pacesetter, Inc.
of the surger)?:lo Siemens-Elema

Magnetic resonance imaging adversely affects all VADsElLJC”OmCS Pacing Svstems
except the Abiomed VAD. Its use as a diagnostic tool\gyitex 9=
should be avoided in this population of patients. The magwitatron (Medtronic, Inc.)
netic field created by MRI alters the function of the magnets
involved in the motor mechanisms of the TCI VE-LVAD
and Novacor LVAD. This leads to serious malfunction andthey should be stabilized before surgery. If these factors are
a drop in device output. Device malfunction can be bothallowed to persist, they may facilitate the induction of VF
temporary and permanent in both of these models. In then exposure to electrocautely.
case of the TCI IP-LVAD and Thoratec VAD, the magnetic It is also a good idea to obtain a chest x-ray to ascertain
field generated by MRI disrupts the movement of the magthe position and integrity of the lead(s). The chest x-ray can
netic diaphragm, leading to a decrease in the efficiency oélso be helpful in identifying the make and model of the
the device and a drop in device output. These effects arpacemaker or ICD. Each device has a serial number and a
only temporary, lasting for the duration the test. None ofunique silhouette that can be used for device identification.
these VADs are adversely effected during computed tomogA complete workup of the functional status of the pace-

Table 4. TELEPHONE NUMBERS OF
TECHNICAL SERVICE DEPARTMENTS

—_

-800-231-2330

-800-264-3466
-800-231-2330
-800-547-0391
-800-227-7223
-800-227-3422
-412-767-5010
-800-245-4715
-800-245-6886
-800-525-7402
-800-328-3873
-800-328-2518
-800-352-6466
-800-231-2330
-800-328-2518
-510-568-8338
-800-726-7267
-617-890-5656
-800-722-3774
-800-722-3774
-800-456-1477
-800-525-7042
-800-733-3455
-800-848-2876
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raphy, PET, or multigated acquisitidrt® maker or ICD and the patient’s dependence on it should be
performed. The type of system, the time since implantation,
PREOPERATIVE EVALUATION and the settings at the time of the most recent evaluation

should be determined. Because all manufacturers provide

Before any planned surgery, the patient with a pacemakezach patient with an identification card that includes this
or ICD should be thoroughly evaluated. The patient’s carinformation, these data are usually simple to obtain. Many
diologist or cardiothoracic surgeon should be notified andpatients also have monitoring services that periodically
consulted. In addition, the pacemaker or ICD programmingcheck the device and record these data. Those who do not
device should be obtained so that device function can bese a monitoring service are followed by their cardiologist
evaluated and appropriately modified during the perioperaer cardiothoracic surgeon. Precise measurements of the
tive period. Someone familiar with the operation of thedemand and magnet rates, duration and amplitude of the
device should perform any programming and should bestimulus, and capture and sensing thresholds are also useful,
available if the device malfunctions. The phone number ofespecially for comparing preoperative and postoperative
the manufacturer of the device should be readily availablevalues. In patients with ICDs, it is important to obtain
so that technical support can be obtained during times ofhformation on the recent frequency of countershocks, be-
uncertainty (Table 4). It is important that the patient because this will be a key factor in determining how safe it is
checked for any progression of symptoms of the underlyingo turn the device off during surgery.
cardiovascular disease, as well as for any sort of electrical Because modern pacemakers employ a variety of differ-
instability. Factors that may predispose to electrical instaent pacing modes, it is important to be familiar with the
bility, such as electrolyte imbalance, active myocardial ischNBG (North American Society of Pacing and Electrophys-
emia, or hypoxemia, should be actively sought. If identified,iology/British Pacing and Electrophysiology GroGeneric
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Table 5. NBG CODE

Position 1 1l n v Vv
Chamber(s) Chamber(s) Response to Programability, Rate Antitachycardia
Category Paced Sensed Sensing Modulation Functions
O = None O = None O = None O = None O = None
A = Atrium A = Atrium T = Triggered P = Simple programmable P = Pacing
V = Ventricle V = Ventricle | = Inhibited M = Multiprogrammable S = Shock
D = Dual D = Dual D = Dual C = Communicating D = Dual

R = Rate modulation

Pacemaker Code) Code (Table 5). The first three letters afevice-dependent, because this will determine whether any
this code describe the basic antibradycardia functions, andinically significant effect might occur if the device’s func-
the last two letters describe the programmability and antition is altered during surgery. For example, if a patient
tachycardia functions: whose pacemaker is in any sort of inhibited mode has an
innate rhythm that will sustain an acceptable cardiac output,
then EMI that inhibits the pulse generator will probably not
be noticed. However, if the patient is pacemaker-dependent,
EMI that inhibits the pulse generator will lead to asystole
and the patient will be unprotected. To determine whether a
patient is pacemaker-dependent, it is necessary to conduct a

The information contained within this code makes it careful review of the preoperative ECG. If pacing spikes are
much easier to predict the pacemaker’'s response to EMhot seen or if they are intermittent, then it is likely that the
For example, inhibited pulse generators respond to EMI byatient’s own rhythm will maintain an acceptable heart rate
inhibiting output, whereas triggered pulse generators reif the pacemaker malfunctions during surgery. If pacing
spond to EMI by triggering output. This is, of course, if the spikes are seen before almost every beat, then the patient is
signal manages to fool the pacemaker’s protection circuitryikely to be pacemaker-dependent. However, if this is the
and is interpreted as cardiac in origin. If it is interpreted ascase, it is important to determine whether the patient has an
noise, it will cause reversion to an asynchronous mode. innate rhythm. This can be done by temporarily inhibiting

There is also a code used to identify ICDs (Table 6). Thethe device with the appropriate programmer. If there is any
NBD Code (North American Society of Pacing and Elec- doubt as to whether the pulse generator is capable of stim-
trophysiologyBritish Pacing and Electrophysiology Group ulating the heart, it may be placed into an asynchronous
Defibrillator Code) has four letters: mode with the programmer or by placing a magnet over the
generator?

In the past, magnets have been used during surgery to
convert devices to an asynchronous mode, counteracting the
effects of EMI by eliminating the sensing component of the
device. However, magnet application readies many pace-

Because letter 1V describes pacemaker activity (manynakers for reprogramming. Intraoperative EMI such as
ICDs also employ antibradycardia pacing, which may bedefibrillation and electrocautery can mimic programming
needed for a short time after the delivery of a countershock)signals and cause the device to be erroneously repro-
it is sometimes replaced by a hyphen and the NBG code.grammed. In addition, certain pacemakers revert to an asyn-

It is also necessary to establish whether the patient ishronous mode only for a certain number of beats and then

. Letter I, the chamber(s) being paced

. Letter Il, the chamber(s) being sensed

. Letter Ill, the response to sensing

. Letter IV, programmability and rate modulation
. Letter V, antitachycardia functiorts.

. Letter I, shock chamber(s)

. Letter Il, antitachycardia pacing chamber(s)

. Letter Ill, tachycardia detection

. Letter 1V, antibradycardia pacing chambert3).

Table 6. NBD CODE

Position | | 1 v
Shock Antitachycardia Tachycardia Antibradycardia
Category Chamber(s) Pacing Chamber(s) Detection Pacing Chamber(s)
O = None O = None E = Electrogram O = None
A = Atrium A = Atrium H = Hemodynamic A = Atrium
V = Ventricle V = Ventricle V = Ventricle

D = Dual D = Dual D = Dual
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return to the previous pacing mode. In certain patientspnly after consultation with the responsible cardiologist or
especially those with ICDs, asynchronous pacing can lead toardiothoracic surgeon. If antibradycardia pacing is an in-
VT and even VF as a result of an R-on-T phenomenontegral component of the ICD, it should placed in a triggered
Therefore, asynchronous pacing should be avoided in pasr asynchronous mode to avoid the consequences of inap-
tients prone to VT and VF. Today, surgeons still go into thepropriate inhibition.

operating room armed only with a magnet, confident in its  The following steps should be taken if the use of elec-
ability to manage the device complications produced bytrocautery is unavoidable:

EMI. This can be a dangerous practice: magnet application _ _
1. When possible, bipolar electrocautery should be used.

cannot adequately address all the possible problems one — - b
might encounter. 2. If this is not practical, and monopolar electrocautery

The patient with a VAD should also be thoroughly eval- must be used, the cautery current pathway should be
uated. The present situation is such that most surgical pro- ~ Perpendicular to the pacemaker's lead system when
cedures involving patients with VADs take place at institu- possible. This is done by manipulating the placement

tions that can provide technical and surgical support for ~ Of the grounding plate. However, a perpendicular
these devices. This allows for a thorough evaluation of  Pathway is not always a realistic possibility, especially
device function, as well as technical support during surgery. ~ When operating on a patient with a dual-lead system.
If it is not possible to have a device expert in the operating 3. The grounding plate should be placed so that the
room, someone should be trained to operate the device and  current flows away from the pulse generator, and the
given a way to contact technical support. distance between it and the active tip of the electro-
cautery should be as small as possible.
4. Care should be taken not to arc current between the tip
SURGICAL CONSIDERATIONS of the electrocautery and another surgical instrument,
Armed with this information, it is possible to set some to prevent demodulation of the signal. The instrument
guidelines for surgeons operating on patients with im- and the cautery tip should be in physical contact
planted cardiac support who may be subject to electrocau-  before the electrocautery is activated.
tery and defibrillation. If the patient has a pacemaker or 5, Ifitis impossible to place the pacemaker in a triggered
ICD, the anesthesiologist should be aware that fascicula-  or asynchronous mode, and it becomes apparent that
tions associated with the use of depolarizing muscle relax- the electrocautery is adversely affecting the pace-
ants such as succinylcholine can create myopotentials.  maker, the cautery current should be applied for no
These high-frequency electrical signals can be interpreted as  more than 1 second at a time, allowing at least 10
cardiac activity and cause device malfunction. Also, due to seconds for the device to function properly. This will

the possibility that the pulse generator may be damaged  permit the pacemaker enough time to maintain cardiac
during the surgery, inotropic and chronotropic support output.

should be available in the operating suite in case of emer- g Because the use of electrocautery also interferes with
gency. When possible, the pacemaker should be placed in e apility of the ECG to monitor the heart, heart rate

an asynchronous or triggered mode. This will avoid inhibi- and blood pressure should be monitored using an
tion due to EMI that could lead to asystole in the pace-  ,erig| line. When the electrocautery is not in use, the

maker-dependent patient. As discussed earlier, asynchro- ECG should be checked for arrhythmias or alterations
nous pacing should be avoided if possible in patients prone in pacemaker function

to VT tandt VF. Plaie.rtmtant of a mar?net over ﬂ;e pulset 7. If the device appears to have been inappropriately
generator o convert It to an asynhchronous mode 1S no reprogrammed by electrocautery, it is advisable to

optimal in pacemakers th"’.lt require magnet gpphcanon to take the time to return the device to the mode selected
access the programming circuit. This is especially true dur- o o o
. : : . before continuing the procedure. This is why it is
ing surgery. Conversion to any mode is best made with the . . L

. . . important to have the programming device in the
appropriate programming device. Some pacemakers are operating room
rate-responsive, meaning they can sense various stimuli and P 9 '
thereby increase the pacing rate. The purpose is to provide The following steps should be taken if defibrillation is
a timely increase in heart rate when there is a need fof,,avoidable:
increased cardiac output. Stimuli such as muscle activity, _ ' '
movement, minute ventilation, temperature, and evoked QT 1. If possible, use the anterior-posterior type of paddles,
interval are all used to assess the need for an increase in  placing the anterior paddle as far away from the pulse
rate® These pacemakers should have their rate-responsive  generator as possible. This should allow the current to
modes deactivated with a programmer before surgery. If this ~ flow away from the generator.
cannot be done, then the mode of rate response must be2. If the anterior type of paddles must be used, place
known so that inappropriate changes in heart rate can be them along a line perpendicular to the lead(s). This
avoided. ICDs should be deactivated before surgery, but  may be difficult if the patient has a dual-lead system.
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3. Use the lowest defibrillator current setting possible. POSTOPERATIVE EVALUATION

Inability to defibrillate at low current settings will _ ) _ )
necessitate an increase, and damage to the pulse gen_The appropnat_e cardiology or cardiothoracic surgery (_1ep_art-
erator may become unavoidable. For these reasons, ent should _be informed that electrocautery or defibrillation
temporary pacing system must be available. was l_Jsed _du_rlng surgery. An evaluation of pacemaker and ICD
function similar to that performed before surgery should be
If at any time during the procedure it becomes apparenglone in the early postoperative period and then again 24 to 48
that the device has lost its ability to stimulate the heart, dudours later. This is necessary because failure of the device to
to damage to the pulse generator or the lead-tissue interfacegpture, due to damage at the lead-tissue interface, may not be
temporary pacing measures must be taken. Inotropic sugpparent until 24 to 48 hours after surgery. If the capture
port should also be available and used if necessary. Thiéreshold has increased, then endocardial burns should be
appropriate cardiology or cardiothoracic surgery departmerguspected and the patient should be followed until stability is
should be informed, and a decision should be made abo@iemonstrated. However, a progressive rise in capture threshold
the repair or replacement of the device. may ultimately exceed the output of the pulse generator, re-
Considerations when operating on a patient with a VADSUIting in a loss of capture. Revision of the pacing system
are much less complicated but just as important. It is recbefore loss of capture requires replacement of the pulse gen-
ommended that patients with the TCI IP-LVAD have the €rator with one capable of higher output, replacement of the
timing circuit disconnected from the external controller lead(s), or both. If any of the postoperative measurements of
before defibrillation. This will necessitate the use of a fixedthe demand or magnet rates vary from those obtained before
rate mode during the period of defibrillation but will elim- surgery, one must suspect that the pacemaker has been inad-
inate the possibility of damage to this circuit. Patients withvertently reprogrammed during surgery or has sustained per-
the TCI VE-LVAD should have the drive line disconnected Mmanent damage.
from the external controller before defibrillation. This will ~ Alteration of the TCI VE-LVAD motor current occurs
prevent damage to the timing circuit but requires the pum@nly during exposure to electrocautery and causes no per-
to run pneumatically or manually for the duration of defi- manent effects on the device. Defibrillation, however, can
brillation. There are no specific recommendations concerndamage the timing circuit associated with the automatic
ing defibrillation on patients with the Novacor LVAD, Tho- Mode in the TCI VE-LVAD, and in the TCI IP-LVAD if it
ratec VAD, or Abiomed VAD? is left connected during defibrillation. The department re-
The use of electrocautery in patients with the TCI VE- sponsible for monitoring the device should be informed if
LVAD leads to the inability of the device to sustain cardiac this circuit is damaged during surgery, because repair or
output, regardless of what mode it is in. Because electrot€Placement should be considered.
cautery causes reversion to the fixed rate mode every time it
is usgd, the device should be plaged in this mode for thPDISCUSSION
duration of surgery. Although there is no permanent damage
to the device, there are some important considerations. Although pacemakers and ICDs have been engineered to
Because adequate pumping is not possible during the use p& more resistant to EMI, the protection is by no means
electrocautery, it should be applied for no more than lcomplete. The effects of EMI on different models is highly
second at a time, allowing 10 seconds for the device twariable and rarely reproducible. However, when something
function properly. The cardiac output of the device shoulddoes occur, especially in a device-dependent patient, the
be monitored during this time. However, the beats aftereffects can be life-threatening. Understanding the possibil-
electrocautery will all be at maximal stroke volume becauséties before the patient goes into the operating room can
the temporary cessation of pumping has increased the fillingrepare the surgeon to deal with intraoperative complica-
of the device. Subsequently, the stroke volume will decreas#ions, possibly saving a life. Due to the nature of pacemak-
as the device begins to catch up. Thus, it is necessary ters and ICDs and the necessity to sense subtle changes in
allow time for the cardiac output to stabilize before deter-cardiac electrical activity, it may be impossible for engi-
mining its value®° The use of electrocautery does not affectneers to eliminate the problem of EMI.
pumping in the TCI IP-LVAD, Novacor LVAD, Thoratec Because VADs do not need to sense cardiac electrical
VAD, or Abiomed VAD. However, if electrocautery ap- activity, complete protection from EMI is a realistic goal
pears to be disrupting the timing of the automatic mode inand has been accomplished in the extracorporeal VADs.
the TCI IP-LVAD, conversion to fixed mode is recom- Protection from EMI in the fully implantable VADs is
mended, and the timing circuit should be disconnectedslightly more difficult. The Novacor LVAD seems to have
Both TCI LVADs come with an external hand pump that accomplished this goal. All the electronics involved for
allows manual maintenance of device function. This pro-timing and driving the pump are housed in the external
vides an extra level of protection if the device malfunctionscontroller, which is shielded from EMI. Work must be done
for any of the above reasons. This pump should be availabl® eliminate the effects of EMI on the TCI devices. The
during surgery, along with someone familiar with its use. effects of EMI on VAD function must become a priority for
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the engineers in charge of designing future generations of4.

VADs. This will become increasingly important as devices
become completely implantable. This will require transcu-
taneous transmission of power as well as diaphragm posi
tion information. It is likely that these devices will be even

more susceptible to EMI. 7.

Recently, there has been interest in using an ultrasoni-

cally activated scalpel (Harmonic scalpel; Ultracision Inc., &

Smithfield, RI) as an alternative to electrocautery in patients
with implanted cardiac devices. The scalpel thermally trans- 4
fers heat to the tissue without electrical current passing

through the patient. This scalpel has been used safely ang.

effectively in laparoscopic as well as open abdominal and

pelvic surgical procedurédS " More recently it has been 11-

used to assist in pacemaker replacements and expfants.
Although the experience with this instrument is limited, the ;,
concept of an instrument that can cut and coagulate like
electrocautery without generating EMI is attractive to sur-
geons operating on patients with implanted cardiac devices.

EMI is a problem in this cohort of patients, and solutions13:

like this one should be sought.
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