L))

Check for
updates

Korean Journal of Anesthesiology

Review Article

Korean J Anesthesiol 2024;77(3):306-315
https://doi.org/10.4097/kja.23826
pISSN 2005-6419 ® elSSN 2005-7563

Received: November 11, 2023
Revised: January 5, 2024
Accepted: January 9, 2024

Corresponding author:
Chang Hee Kwon, M.D., Ph.D.
Department of Internal Medicine, Division of

Cardiology, Konkuk University Medical Center,

Konkuk University School of Medicine, 120-1
Neungdong-ro, Gwangjin-gu, Seoul 05030,
Korea

Tel: +82-2-2030-7511

Fax: +82-2-2030-7749

Email: 20150065@kuh.ac.kr

ORCID: https://orcid.org/0000-0001-8716-1146

© The Korean Society of Anesthesiologists, 2024

© This is an open-access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.
orgflicenses/by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is
properly cited.

306
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The use of cardiac implantable electronic devices (CIEDs) has increased significantly in
recent years. Consequently, more patients with CIEDs will undergo surgery during their
lifetime, and thus the involvement of anesthesiologists in the perioperative management of
CIED:s is increasing. With ongoing advancements in technology, many types of CIEDs
have been developed, including permanent pacemakers, leadless pacemakers, implantable
cardioverter defibrillators, cardiac resynchronization therapy-pacemakers/defibrillators,
and implantable loop recorders. The functioning of CIEDs exposed to an electromagnetic
field can be affected by electromagnetic interference, potential sources of which can be
found in the operating room. Thus, to prevent potential adverse events caused by electro-
magnetic interference in the operating room, anesthesiologists must have knowledge of
CIEDs and be able to identify each type. This review focuses on the perioperative manage-
ment of patients with CIEDs, including indications for CIED implantation to determine
the baseline cardiovascular status of patients; concerns associated with CIEDs before and
during surgery; perioperative management of CIEDs, including magnet application and
device reprogramming; and additional perioperative provisions for patients with CIEDs.
As issues such as variations in programming capabilities and responses to magnet applica-
tion according to device can be challenging, this review provides essential information for
the safe perioperative management of patients with CIEDs.

Keywords: Artificial pacemaker; Cardiac arrhythmias; Cardiac resynchronization therapy
devices; Cardiovascular diseases; Electromagnetic fields; General anesthesia; Implantable
defibrillators; Operative surgical procedures.

Introduction

The use of cardiac implantable electronic devices (CIEDs) has dramatically increased
in recent years, resulting in substantially improved quality of life and increased survival of
patients with cardiovascular disease. Consequently, more patients with CIEDs may be ex-
posed to diseases requiring surgery or invasive procedures during their lifetime [1,2].

CIEDs utilized for rhythm management include the permanent pacemaker (PPM) for
control of bradyarrhythmias, implantable cardioverter defibrillator (ICD) for treatment
of life-threatening ventricular arrhythmias, cardiac resynchronization therapy-pacemak-
er/defibrillator (CRT-P/CRT-D) for treatment of heart failure with dyssynchronization,
and implantable loop recorder (ILR) for monitoring cardiac arrhythmias.

The presence of these devices may present a problem during procedures that could ex-

pose the patient to electromagnetic interference (EMI), leading to inappropriate device
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functioning. Thus, precautions should be followed prior to per-
forming these types of procedures to ensure the safe management
of patients with CIEDs.

This review provides an overview of the perioperative manage-
ment of patients with CIEDs and a discussion of the various re-
sponses of CIED:s to the application of a magnet according to the
device manufacturer, type, and programming.

Indications for device implantation and
nomenclature

Permanent pacemaker

Indications for pacemaker insertion include symptomatic bra-
dycardia caused by atrioventricular block (AVB) and sick sinus
syndrome. AVB is classified according to the extent of the delay
(first degree: PR interval prolongation > 200 ms) or interruption
(second degree: intermittent interruption or third degree: com-
plete interruption) of electrical conduction between the atria and
ventricle. Several congenital or acquired etiological factors can
cause deterioration of the atrioventricular conduction system,
leading to AVB [3]. AVB occurs most commonly in the absence
of significant cardiac disease and is generally attributed to idio-
pathic fibrosis of the conduction system [4]. Other causes of ac-
quired AVB include iatrogenic, infectious, infiltrative, autoim-
mune, or ischemic processes [5-9]. Sinus node dysfunction with
intermittent loss of P-waves or sinus arrest causing symptomatic

episodes is known as sick sinus syndrome.

Leadless pacemaker

A leadless pacemaker, which is a novel alternative consisting of
a capsule-like device containing a generator and an electrode sys-
tem, is implanted into the right ventricle through the femoral
vein. By eliminating the need for transvenous leads and a genera-
tor pocket, a leadless pacemaker can be placed in patients with
subclavian venous stenotic disease and thus may help prevent

lead- and pocket-related complications.

Implantable cardioverter defibrillators

The indications for ICD implantation can be divided into pri-
mary and secondary prevention. Primary prevention indicates
prevention of sudden cardiac death in patients with symptomatic
heart failure and left ventricular ejection fraction < 35% after op-
timal medical therapy [10]. In most cases, ICDs are implanted for

secondary prevention in patients who have survived a cardiac ar-
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rest or intolerable ventricular arrhythmias. Patients with heart
failure or congenital heart disease or post-myocardial infarction
are selected for ICD implantation. Patients with familial cardiac
conditions, such as long QT syndrome, Brugada syndrome, or hy-
pertrophic cardiomyopathy, are also at a high risk of sudden death
due to ventricular arrhythmias. A small proportion of ICDs are
subcutaneous ICDs, which are typically implanted in the left mi-
daxillary region. Subcutaneous ICDs do not require leads located

within the heart and offer no conventional pacing support [11,12].

Cardiac resynchronization therapy-pacemaker/
defibrillator

Cardiac dyssynchronization is defined as a difference in the
timing of electrical and mechanical activation of the ventricles,
which can result in impaired cardiac efficiency. The purpose of
CRT is to increase cardiac output by simultaneous biventricular
pacing [13]. The function of these devices is to coordinate ven-
tricular contraction; thus, they are programmed to ensure contin-
uous pacing of the heart. For patients at risk of ventricular ar-
rhythmias with indications for biventricular pacemakers, special-
ized ICDs that enable CRT are also available [14]. These devices,
which are predominantly inserted for primary prevention, are
known as CRT-D.

Implantable loop recorder

ILRs are small devices implanted or injected subcutaneously
under local anesthesia in the left side of the chest. With an ILR, a
patient’s electrocardiogram (ECG) is continuously recorded and
deleted by the device’s retrospective memory and can be stored
during syncope or significant arrhythmia [15]. ILRs can be useful
for diagnosing arrhythmias in patients with potentially life-threat-

ening symptoms, such as unexplained syncope.

CIED nomenclature

The nomenclature for pacemakers established by the North
American Society of Pacing and Electrophysiology (NASPE) and
the British Pacing and Electrophysiology Group (BPEG) is desig-
nated as the NBG code for pacing nomenclature [16]. The code
consists of up to five letters (Table 1). Positions 1-3 refer to the
chamber-paced, chamber-sensed, and response-to-sensing posi-
tions, respectively. The fourth position of the generic PPM code is
rate-responsive pacing, whereby the paced heart rate can be al-
tered by the CIED in response to motion or detection of physio-
logical conditions. Importantly, all modern ICDs and CRTs also
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Table 1. Generic Pacemaker Code

I I 11 v Vv
Chamber-paced Chamber-sensed Response-to-sensing Rate modulation Multisite pacing
O = None O = None O = None O = None O = None
A = Atrium A = Atrium T = Triggered R = Rate modulation A = Atrium

V = Ventricle V = Ventricle I = Inhibited V = Ventricle

D = Dual (A+V) D = Dual (A+V) D = Dual (T+]) D = Dual (A+V)
e T T A To 810 suenion_owe T, sk, mpiom Msion sty
: _ AT AN IUNI L AT TN | [ O GG 230U Z0SH  SGNP  Rex
} { T o 'l‘ ; b \,/ \V VARE\V/E FHRS JI Y W HV w an gy o -
1 s S ST s STT TT T T v
[ty bRty TR I m i
420 il FHNATTH R R R EHEEAATEEL T
HB{FR VAR /8 URATATETRATATA] FHATTEL /8 FRVA/S T AIT
b i v \
TE ¥ Y TTTT i 3 3 T
N A
R AT TA N AFSAR AVLCR A P SO
T T 'lY‘l' b 3 U TN TSC /7 . S
556 L 5 6 5 T 5 1 T M T D
| 616 Al A A A A
la: il B3 = S .,.

San U e w0

o

Fig. 1. Example of electromagnetic interference (EMI) that is clinically relevant. (A) Inappropriate shock therapy due to oversensing of EMI
during external electronic stimulation therapy. High-frequency artifact spuriously detected as ventricular fibrillation (F) is noted on the right
ventricular and atrial leads in a patient with an implantable cardioverter defibrillator (ICD) device. (B) Subcutaneous ICD tracings demonstrate
that inappropriate shocks were delivered due to oversensing of EMI. (C) Plot diagram showing an oversensing pattern of the atrial channel. Atrial
oversensing of EMI in this case led to a misdiagnosis of atrial fibrillation, causing tracking failure of the ventricle. The pacing mode was ultimately

changed from DDD to VVI.

include pacemaker functions. Most commonly, activity during
exertion is detected by an accelerometer, which increases the
paced rate to optimize cardiac output. Other sensing mechanisms
may detect an increase in physiological parameters, including
minute ventilation or myocardial contractility, and adjust the
heart rate accordingly. The fifth position is used to indicate the

presence of multisite pacing.

Considerations for patients with CIEDs before
surgical or invasive procedures

Electromagnetic interference

The combination of the electric and magnetic fields is known as
the electromagnetic field. Electric fields exist in the presence of
electrical charges. The flow of electric current in a conductor with
magnetic field lines perpendicular to the current flow produces a
magnetic field. EMI can occur as a result of conducted or radiated
electromagnetic energy. EMI can also occur when an electronic

device is exposed to an electromagnetic field. Oversensing of EMI
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by the device may cause pacing inhibition in patients with PPMs
and inappropriate shocks in patients with ICDs. Fig. 1 shows
some examples of adverse responses to EMI in patients with
CIEDs. Two patients with ICDs (intravenous and subcutaneous)
received inappropriate shocks due to EMI oversensing during ex-
ternal electronic stimulation therapy (Figs. 1A and B). In a patient
with a pacemaker (DDD mode), atrial oversensing of EMI caused
failure of ventricular tracking following atrial contraction, and the
pacing mode was ultimately changed from DDD to VVI (Fig. 1C).

Potential sources of EMI in surgical settings include intraopera-
tive magnetic resonance imaging, monopolar electrocautery [17],
bipolar electrocautery [18], nerve stimulators [19], transcutaneous
electrical nerve stimulation machines [20], argon plasma coagula-

tion [21], and radiofrequency ablation devices [22].

Preoperative evaluation of patients with CIEDs
The preoperative evaluation of patients with CIEDs should in-
clude both a multidisciplinary and systematic approach. The

manufacturer’s identification card should be obtained from each

https://doi.org/10.4097/kja.23826
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patient. The device identification card contains the date of im-
plantation, type of CIED, and type of leads. A chest X-ray should
be examined to confirm the device type and location of the gener-
ator and leads (Fig. 2). In general, the right ventricular lead of an
ICD includes one or two thick radio-opaque sections representing
high-voltage coils for the delivery of shock energy. A CRT device
has two ventricular leads (one located in the right ventricle and
the other that enters the coronary sinus and travels towards the
lateral side of the left ventricle). A 12-lead ECG should be per-
formed to determine baseline rhythm and pacing spikes. If pace-
maker spikes are observed in front of all or most P-waves and/or
QRS complexes, pacemaker dependency should be considered.
Medical records should be reviewed for the device type, manufac-
turer, and indication for implantation. The CIED should be exam-
ined before surgery if this has not been performed electively
during the preceding 12 months for PPM (6 months for ICD/
CRT) or when battery longevity is unknown [14]. The patient
should be informed about the potential risk of EMI during the
procedure, and preventative measures should be taken in accor-

Fig. 2. Typical examples of chest X-ray images in patients with cardiac implantable electronic devices. (A) Permanent pacemaker. (B) Implantable
cardioverter defibrillator (ICD). (C) Cardiac resynchronization therapy-defibrillator. (D) Subcutaneous ICD. (E) Leadless pacemaker. (F)
Implantable loop recorder (ILR). Black filled arrows show the shock coils of the ICD lead with a radio-opaque section. The black dotted arrow

denotes the left ventricular lead for cardiac resynchronization. The black empty arrow shows the leadless pacemaker within the myocardium of the
right ventricle. The white empty arrow shows the ILR within the left chest wall.

https://doi.org/10.4097/kja.23826
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dance with the needs and preferences of the patient. During the
preoperative evaluation of a patient with a CIED, surgical infor-
mation, including the type of procedure, location of the surgical
site, patient position during the procedure, source of EMI, and
anatomic location of EMI delivery, should be provided to the
CIED team (defined as the physician, nurse, and technicians who
care for the patient’s CIED).

Clinical status affecting risk of arrhythmia or device
function

Most patients with CIEDs have underlying structural heart dis-
ease, significant intrinsic rhythm abnormalities, and risk of ar-
rhythmias and thus are at an increased risk of developing fatal ar-
rhythmias during the perioperative period. Additionally, depend-
ing on the type of procedure performed and the presence of sig-
nificant fluid shifts, electrolyte and acid-base alterations, and he-
modynamic deterioration of anesthetics, myocardial ischemia

may occur and further increase the patient’s susceptibility to fatal
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arrhythmias.

Several cases have suggested that the pacing threshold of CIEDs
increase during surgery, resulting in pacing failure. This is associ-
ated with various pathological conditions, including myocardial
ischemia, acid-base disturbances, electrolyte abnormalities, and
elevated plasma concentrations of antiarrhythmic drugs as well as
the local injection of sodium channel blockers (e.g., bupivacaine,
lidocaine) [23-25].

Pacing dependence

In general, no intrinsic rhythm > 40 beats/min will be detected
in patients with pacemaker dependency or the patient will have a
hemodynamically unstable rhythm. However, pacemaker depen-
dency is complex. Although no standard definition currently ex-
ists, pacemaker dependency can be described as the abrupt cessa-
tion of pacing resulting in the development of bradycardia-related
symptoms or signs that lead to an emergent or urgent clinical sit-
uation [26]. Note that patients who are not usually pacemaker-de-
pendent may become dependent intraoperatively (e.g., with seda-
tion, direct or indirect vagal stimulation, certain high-potency
opiates, other anesthetics, or other pharmacological agents) [26].

Intraoperative management of patients with
CIEDs

General considerations

Patients with CIEDs are susceptible to both local and systemic
infections. An association between CIED infections and increased
mortality has been reported [27]; therefore, the use of ipsilateral
central lines should be minimized. In cases of CIEDs placed less
than three months prior, insertion and removal of the pulmonary
artery catheter or central line should be performed under fluoro-
scopic guidance to prevent dislodgement of the lead. In addition,
care should be taken to avoid advancement of the guidewire into
the right ventricle, which could cause artifacts resulting in the de-
livery of an inappropriate ICD shock.

As most patients with ICDs typically exhibit impaired cardiac
function and are potentially at risk of developing malignant ar-
rhythmias, anesthetic management should be customized based
on baseline left ventricular systolic function. In patients with heart
failure, heart rate is considered a crucial factor affecting myocar-
dial oxygen demand. An increased heart rate reduces the time
spent in diastole, leading to premature cessation of diastole and
decreased ventricular filling, causing a mismatch between supply

and demand. This discrepancy can result in ischemia and malig-
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nant arrhythmia. It is essential to consider factors that may pre-
cipitate tachycardia, such as intubation, surgical stimuli, hypovo-

lemia, anemia, hypoxia, hypercapnia, and postoperative pain.
Defibrillation patch

External defibrillation therapy should always be available in the
preoperative setting. Defibrillator pads should be placed in an an-
terior—-posterior electrode position at a distance > 8 cm from the
implanted device; never directly over the device itself. CIEDs
rarely result in permanent damage by direct current cardiover-
sion/defibrillation [28]. If cardioversion or defibrillation is per-
formed, the device should be reprogrammed immediately after

surgery.
Cardiac monitoring in the operating or procedure room

Intraoperative monitoring of patients with CIEDs is more com-
plex than that of patients without CIEDs. The objective of intra-
operative monitoring is to provide a safe environment for patients
with a CIED undergoing a surgical or interventional procedure
with expected EMI. Anesthesiologists should be aware of the po-
tential limitations of ECG monitoring, such as heart rate overesti-
mation due to double counting of the pacing spike and QRS com-
plex. The use of intraoperative monitoring equipment can help
prevent the misinterpretation of ECG artifacts as intrinsic QRS
complexes. The monitoring process may include pulse palpation,
auscultation of heart sounds, intra-arterial pressure curve moni-
toring, pulse plethysmography, and/or oximetry.

Diagnosing myocardial ischemia in patients who are unable to
report chest pain due to general anesthesia is challenging. Diag-
nosing ischemic heart disease via ECG is particularly difficult in
patients with CIEDs given the presence of ventricular paced
rhythms [29].

Perioperative CIED management
CIED-related problems during surgery

Appropriate pacing may be inhibited by a pacemaker sensing
EMI, as the device can incorrectly interpret EMI as an intrinsic
cardiac rhythm. In patients with pacemaker dependency, EMI
may lead to oversensing (interpreted as myocardial electrical ac-
tivity) and inappropriate inhibition of pacing, with a risk of asys-
tole. In addition, when a CIED uses a vibration sensor or minute
ventilation sensor (impedance-based rate-responsive pacing func-

tion), manual ventilation for pre-oxygenation or manipulation of

https://doi.org/10.4097/kja.23826
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the device can be sensed by the CIED, resulting in inappropriate
high-rate pacing, although this is unlikely to cause any clinical
harm. In patients with an ICD, EMI may induce inappropriate
anti-tachycardia pacing (ATP) or shock therapy, causing the pa-
tient to move suddenly, possibly at a critical moment during sur-
gery [30,31]. Additionally, ventricular arrhythmia could occur
with possible fatal outcomes in these patients [32].

PPM and ICD manufacturers either prohibit the use of surgical
electrocautery or have issued strong warnings, particularly for the
monopolar (most frequently used) mode of operation. Despite
the minor risks associated with EMI, bipolar electrocautery
should be considered (as opposed to monopolar electrocautery),
wherever possible. If monopolar electrocautery is used at a site re-
mote from the device, with the dispersive electrodes located away
from the area of the device generator and leads, the current path-
way does not pass through the device generator and leads. Thus,
the risk of any effect on the device that may cause inappropriate
functioning is low [33].

ILRs monitor cardiac signals but do not provide therapies. Pa-
tients with ILRs who undergo surgical procedures are not at risk.
When using the device, EMI may be interpreted as a rapid heart
rhythm and recorded as an episode of tachyarrhythmia. However,
this can be easily determined by examining the device. No addi-
tional precautions are required for patients with an ILR. However,
elective examination of the device before the procedure and clear-
ing of the diagnostic memory after the procedure may be useful if

the memory is filled with episodes of detected EML

Magnet application

Magnets have been used during the perioperative period to
convert PPMs into an asynchronous pacing mode at a rate of 80-
100 beats/min (Table 2) and to turn off the tachycardia treatment
of an ICD (Table 3). However, the magnetic response can vary de-

pending on the CIED, manufacturer, and individual settings de-
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termined by the CIED team.

For PPMs, when applying the magnet, reprogramming is per-
formed automatically in an asynchronous pacing mode (AOO,
VOO, DOO). This means that the PPM is ‘neglecting’ impulses
that are being sensed and paced. The rate at which PPM pacing
occurs during magnet application depends on the manufacturer
and the battery life of the generator. If the battery life is low, PPM
pacing will occur at lower rates, which may not be adequate in the
perioperative period. Higher pacing rates may be required for pa-
tients with PPMs who are undergoing major surgery than for those
who typically require pacing in daily life. An increase in the heart
rate is a normal response to decreased systemic vascular resistance
and hypovolemia. However, the application of a magnet may place
the patient in an asynchronous mode; therefore, the pacing rate
may not meet the physiological demands of the patient.

This difference in function is critical when applying a magnet

Table 2. Pacemakers’ Responses to Magnet Application according to the
Manufacturer

Manufacturer Response to applying magnet*
1) Asynchronous mode; AOO/VOO/DOO',

frequency 90/min

Biotronik

2) Synchronous mode; magnet has no effect

3) Auto mode; asynchronous mode for 10
contractions, then return to synchronous
mode with lower rate limit

Boston Scientific Asynchronous mode; AOO/VOO/DOO,

frequency 100/min
Medtronic Asynchronous mode; AOO/VOO/DOO,
frequency 85/min
Abbott Asynchronous mode; AOO/VOO/DOO,
(St. Jude Medical) frequency 100/min
Microport (Sorin) Asynchronous mode; AOO/VOO/DOO,
frequency 96/min

*All reactions occur when the battery capacity is sufficient; if the battery
capacity reaches the elective replacement indicator or time, the pacing
rate decreases. 'See Table 1 for more information on these acronyms.

Table 3. Implantable Cardioverter Defibrillators’ Responses to Magnet Application according to the Manufacturer

Manufacturer Anti-bradycardia function Anti-tachycardia function
Biotronik None Detection/therapy - OFF*
Boston Scientific None 1) Inhibit therapy (nominal programming)
2) Programmed off
3) Store intracardiac electrogram
Medtronic None Detection/therapy - OFF
Abbott (St. Jude Medical) None Detection/therapy - OFF'
Microport (Sorin) Asynchronous mode; Detection/therapy - OFF

AOO/VOO/DOO, frequency 96/min

*The programmed tachycardia therapy is reactivated after 8 h. "Response can be switched off.

https://doi.org/10.4097/kja.23826
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to an ICD versus a PPM. For ICDs, to prevent inappropriate treat-
ment of tachycardia due to EMI oversensing, both ATP and de-
fibrillation are deactivated by the application of a magnet. This
has no effect on the pacing function of an ICD. Therefore, the ap-
plication of a magnet to an ICD cannot cause the pacing function
to shift into asynchronous mode. The effect of a magnet on an
ICD can be programmed and can differ according to the manu-
facturer; thus, some ICDs do not exhibit typical behavior when a
magnet is applied. Because this variation depends on the manu-
facturer and attending cardiologist, the effect of magnet applica-
tion on each patients device should be determined prior to any
operative procedure whenever possible. Patients should be con-
tinuously monitored for possible spontaneous or surgical
stress-induced ventricular arrhythmias when deactivating ICDs
using a magnet.

Magnets should be available in all operating rooms or units
where surgical or invasive procedures are performed. In addition,
all staff members should know the location of the magnet, situa-
tions requiring its use, and how to use it. Leadless pacemakers do
not respond to magnets with asynchronous pacing; therefore,
programming changes must be performed using the programmer
for the specific device.

CIED reprogramming

EMI can cause CIED dysfunction, resulting in pacing failure in
pacing-dependent patients with PPMs or CRT devices and inap-
propriate shocks in patients with ICDs. In general, determining
whether to reprogram the CIED, place a magnet, or do nothing is
the most important perioperative decision regarding a CIED. Al-
though reprogramming the CIED is generally regarded as the
most established method for managing patients with CIEDs, this
can be a time- and resource-consuming process and may not be

ideal in certain situations. In particular, hemodynamically unsta-

ble bradycardia due to EMI is rare in patients with PPMs without
pacing dependence; thus, ECG monitoring during the procedure
is sufficient. Pacing dependence is rare in patients with an ICD.
However, for patients with pacing dependence who are exposed
to EMI, the ICD must be deactivated and asynchronous pacing
should be performed. The ICD cannot be programmed for asyn-
chronous pacing when the ATP therapy is turned on.

Evidence indicates that CIED functioning is more likely to be
affected by EMI when it is used near the generator or leads [34].
The greatest risk is associated with situations in which the current
path crosses the CIED and/or leads. Therefore, the

procedural site is the most important factor. During the periop-
erative period, reprogramming a CIED may not be necessary
when EMI is not anticipated, bipolar electrocautery alone is used
15 cm away from the CIED [35], or when the procedural site is
located below the umbilicus [36]. A postprocedural CIED check-
up is usually not required in such cases. The suggested guidelines
for reprogramming a CIED or applying a magnet in various clini-

cal situations are listed in Table 4.

Troubleshooting

In cases of detectable inhibition of a PPM or evidence indicat-
ing that ICD shock therapy is being delivered, the surgeon should
be informed immediately, and the use of equipment capable of
producing EMI should be intermittent (breaks of 5 s between use)
for short bursts (< 5 s) or discontinued [37]. The application of a
magnet can also be considered. Therefore, it is important to estab-
lish a secondary method of pacing in the event of asystole. Alter-
native methods include transesophageal, transcutaneous, and
transvenous pacing using a temporary cardiac pacing wire or a
pacing pulmonary artery catheter. Regardless of the method cho-
sen, all necessary equipment and support should be organized

and available prior to starting the procedure.

Table 4. Perioperative Management of Patients with Cardiac Implantable Electronic Devices

Permanent pacemaker (PPM)

Implantable cardioverter defibrillator (ICD)

Type of proced
ype of procedure Pacing-dependent

Not dependent

Surgery above umbilicus
rate pacing

Ocular procedure [35]
Electroconvulsive therapy [35] No reprogramming

No reprogramming

Transurethral resection of
prostate/bladder [35]

Hysteroscopic ablation [35]

burst electrocautery
No reprogramming

Reprogramming with fixed- No reprogramming
No reprogramming
No reprogramming
Magnet application or short No reprogramming

No reprogramming

Pacing-dependent* Not dependent
Deactivation of ICD with ~ Deactivation of ICD or
reprogramming to fixed-  magnet application

rate pacing

No reprogramming No reprogramming
Deactivation of ICD or

magnet application

Deactivation of ICD or
magnet application

Magnet application with ~ Magnet application or short
short burst electrocautery  burst electrocautery

No reprogramming No reprogramming

*Magnet can be used as an alternative only when “short burst” electrocautery can be applied.
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Postoperative CIED management

Postoperative management of patients with CIEDs primarily
involves the examination and restoration of device function. Ide-
ally, patients with CIEDs should be managed in a postoperative
recovery environment with continuous monitoring and the im-
mediate availability of appropriate resuscitation equipment. The
defibrillator function of an ICD and any rate modulator pacing
function of a PPM that has been suspended should be reactivated
by the CIED team as soon as possible after the surgical procedure.
The device should be checked at the earliest opportunity if a mag-
net is used for intraoperative CIED deactivation or in the event of
significant arrhythmic events. Device interrogation should be
performed before the patient leaves the monitored environment.
Precautions should be followed during the perioperative period
even if the procedure does not cause EMI. The recommendations
for pre-, intra-, and postoperative CIED management are summa-
rized in Table 5.

Conclusion

The perioperative management of patients with CIEDs can be
challenging because of the potential for EMI-induced device mal-
function. To avoid CIED-related perioperative complications, the

Korean J Anesthesiol 2024;77(3):306-315

indication for device implantation should be assessed and clini-
cians should have a thorough understanding of perioperative
management of CIEDs, including magnet application and device
reprogramming. This review describes potential indications for
device implantation, presurgical considerations, and the perioper-
ative management of patients with CIEDs. We hope that this re-
view will be helpful to anesthesiologists involved in the periopera-

tive management of CIEDs.
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Table 5. Basic Recommendations for Pre-, Intra-, and Postoperative CIED Management

Perioperative period

CIED Pre

Intra Post

Common
confirm CIED type and manufacturer
(if not possible, check chest X-ray)
2) Check last interrogation date

1) Check the device identification card to 1) Caution is required when accessing ~ The suspended functions of the
central lines

2) Acid-base disturbances and electro-
lyte abnormalities should be avoided ~ dure

CIED should be reactivated as
soon as possible after the proce-

3) Review the medical record to confirm  due to risk of precipitating arrhyth-

indication for device
4) Check whether EMI will occur above
the umbilicus

Pacemaker or CRT-P Check the ECG to see if pacing-depen-

mias and interfering with pacemaker
capture

1) Monitor the arterial pulse with pulse No additional interrogation of the
dent oximetry or intra-arterial pressure
curve during episodes of ECG artifacts

device beyond routine if no signifi-
cant events

2) Check inappropriate inhibition of
pacing (if this occurs, short burst elec-
trocautery and/or magnet application
should be considered; ensure the avail-
ability of temporary pacing)

ICD or CRT-D Check magnet response of the ICD

(note that magnet application could dis-
able anti-tachycardia pacing and not
convert to an asynchronous pacemaker
function)

1) Defibrillator pads should be placed in After significant arrhythmic events,
anterior—posterior electrode position
2) Check for inappropriate shock thera-
py (if this occurs, short burst electro-

cautery and/or magnet application

device interrogation should be per-
formed before the patient leaves
the monitored environment

should be considered)

CIED: cardiac implantable electronic device, CRT-P/D: cardiac resynchronization therapy-pacemaker/defibrillator, ECG: electrocardiogram, EMI:
electromagnetic interference, ICD: implantable cardioverter defibrillator.
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