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Keeping Pace: 2023 Update on the Perioperative Management
of Cardiovascular Implantable Electronic Devices (CIEDs)

by Drew Disque, MD; Ashley P. Oliver, MD, MA; and Jacques P. Neelankavil, MD

Cardiovascular Implantable Electronic
Device (CIED) technology continues to evolve
and the global population of individuals with
CIEDs is expanding. We present a focused
update to the perioperative management of
CIEDs since our last publication in 2020.

LEADLESS CIEDS

In our previous article in 2020, we introduced
the Medtronic Micra™ leadless single-chamber
ventricular pacemaker." This device is inserted
via the femoral vein and implanted in the right
ventricular endocardium. The interest in lead-
less devices is driven by vascular access chal-
lenges in some patients, such as those with
end-stage renal disease and multiple previous
hemodialysis lines, and those with congenital
heart disease with abnormal vascular anatomy.
In addition, transvenous CIEDs are susceptible
to infection and lead fracture. In 2023,
Medtronic received approval from the Food
and Drug Administration (FDA) for its newest
Micra pacemakers, with two different models:
the Micra AV2 and the Micra VR2. Similar to the
original Micra, the Micra VR2 is intended only
for ventricular sensing and pacing for patients
who have atrioventricular (AV) block or atrial
fibrillation. The Micra AV2 is indicated for
patients with AV block, but unlike the VR2, it can

Table 1: Generic pacemaker codes from the North American Society of Pacing and
Electrophysiology and British Pacing and Electrophysiology Group.? Position refers to
letter position in the pacemaker code (e.g., DDD, DOO, etc.).

Position | ]
Chamber Chamber

Paced Sensed

O =None O =None

A = Atrium A = Atrium

V =Ventricle | V =Ventricle

D =Dual D =Dual

(atrium + (atrium +

ventricle) ventricle)

1 v \"
Response to Rate Multisite
Sensing Modulation Pacing

O =None O =None O =None
T=Triggered | R=Rate A = Atrium

| =Inhibited | Modulation V = Ventricle
D =Dual D =Dual
(atrium + (atrium +
ventricle) ventricle)

provide atrial sensing and synchronous ven-
tricular pacing. The Micra AV2 uses an acceler-
ometer to sense the atrium and is able to pace
ina VDD mode (Table 1). The key point for anes-
thesia professionals is that the Medtronic Micra
models are not responsive to magnet applica-
tion. Ifthe patient requires asynchronous (VOO)
pacing due to a risk for electromagnetic inter-
ference, the pacemaker must be repro-
grammed with the programmer device.

The Abbott AVEIR™ VR, also a leadless
device, was FDA-approved in 2022. The AVEIR
VR has similar capabilities as the Micra; how-

Table 2: General Recommendations for Perioperative CIED Management

Intervention

in the pacemaker-
dependent patient

Implantable defibrillator

Implantable defibrillator
in the non-pacemaker-
dependent patient

Pacemaker-dependent
patient

ever, the AVEIR VR cannot perform AV sequen-
tial pacing (VDD) like the Micra AV. The AVEIR
DR system, which was recently approved by
the FDA, can perform dual chamber pacing.
One advantage of the AVEIR devices is that
they do respond to magnet placement. The
magnet must be placed directly over the heart,
and it will change the pacing mode to VOO at
100 beats per minute for five beats. If the bat-
tery is depleted, the magnet rate will then
decrease to less than 100 depending on
remaining battery life. Since the magnet

See “Update on CIEDs,” Next Page

Non-pacemaker-
dependent patient

Patients with defibrillators undergoing procedures
where EMI could occur and with suspended anti-
tachytherapy should be in monitored environments with
defibrillation equipment readily available.

Patients with pacemakers undergoing procedures
where EMI could occur should have temporary pacing
options readily available.

Procedure above the
umbilicus which may
generate EMI

Apply external defibrillator
pads and deactivate ICD
anti-tachytherapy. If
clinically indicated,
asynchronous pacing
mode may be applied.

Ensure reactivation of anti-
tachytherapy and
permanent pacing settings
before patient is
discharged.

Apply external defibrillator
pads and deactivate anti-
tachytherapy.

Ensure reactivation of
anti-tachytherapy before
patient is discharged.

Turn off rate response
feature and program to
asynchronous pacing
mode. Consider
increasing lower rate limit
if clinically indicated.

Ensure restoration to
permanent settings before
patient is discharged.

Monitor during surgery to
ensure adequate intrinsic
rate. Reprogram the
device if a higher heart
rate is physiologically
desirable.

Procedure below the
umbilicus which may
generate EMI

Preemptive reprogramming not required. Ensure magnet or programmer is available. Utilize standard or invasive
monitors as clinically indicated.

EMI: electromagnetic interference; ICD: implantable cardiac defibrillator.
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response can be programmed off, anesthesia
professionals should confirm magnet response
prior to the start of the procedure by applying a
magnet and observing the initial magnet rate of
100 for five beats.

MRI-CONDITIONAL DEVICES
CIED technology has evolved to include
devices that are magnetic resonance (MR) con-

ditional. This refers to a device that can be safely
utilized in the MRI environment under specific
conditions. CIEDs that do not meet MR condi-
tional criteria are labeled MR nonconditional.
There is the potential for patient morbidity and
even mortality in the MRI environment related to
CIED complications including generator move-
ment, tissue heating, electromagnetic interfer-
ence, and device reset. The practice advisory
from the American Society of Anesthesiologists

(ASA) from 2020 recommends that MR condi-
tional devices should be interrogated prior to
MRI and programmed to the magnetic reso-
nance imaging mode.? The device should be
placed in an asynchronous pacing mode for
pacemaker-dependent patients with suspen-
sion of anti-tachycardia therapy. Finally, the CIED
should be interrogated after the MRI. The rec-
ommendations for MR nonconditional CIEDs are

See “Update on CIEDs,” Next Page

Table 3: Clinical Pearls for Perioperative CIED Management in Particular Contexts.

Clinical context

Implantable defibrillator

in the pacemaker-

Implantable defibrillator
in the non-pacemaker-

Pacemaker-dependent
patient

Non-pacemaker-
dependent patient

dependent patient

dependent patient

tachytherapy for procedure and reactivate at case
conclusion. Avoid focusing lithotripsy beam near

generator.

Cardiac surgery Apply external defibrillator | Apply external defibrillator | Turn off rate response Monitor during procedure
pads and deactivate anti- pads and deactivate anti- feature and program to to ensure adequate
tachytherapy. Reprogram | tachytherapy. asynchronous pacing intrinsic rate; reprogram
to appropriate rate in Ensure reactivation of mode. Consider the device if a higher heart
asynchronous pacing anti-tachytherapy before increasing lower rate limit | rate is physiologically
mode. patient is discharged. if clinically indicated. desirable.

Ensure reactivation of Ensure restoration to
anti-tachytherapy before permanent settings before
patient is discharged. patient is discharged.

Electroconvulsive Deactivate anti-tachytherapy for procedure and Preemptive reprogramming not required. Utilize

therapy (ECT) reactivate at case conclusion. standard or invasive monitors as clinically indicated.

Endoscopy Most endoscopy procedures do not use monopolar If monopolar Preemptive
electrocautery or an argon beam; therefore, no electrocautery or argon reprogramming not
modifications are necessary to the CIED for these cases. | beam is used, follow required. Utilize standard
If monopolar electrocautery will be used, follow the recommendations for or invasive monitors as
recommendations for surgery above the umbilicus. surgery above the clinically indicated.

umbilicus.

Lithotripsy Apply external defibrillator pads and deactivate anti- Preemptive reprogramming not required. Utilize

standard or invasive monitors as clinically indicated.
Avoid focusing lithotripsy beam near generator.

Magnetic Resonance

For MRI conditional

For MRI conditional

For MRI conditional

For MRI conditional

Imaging (MRI) devices: program to MRI devices: program to MRI devices, program to MRI devices, monitor to ensure
mode to suspend anti- mode to suspend anti- mode to initiate adequate intrinsic rate
tachycardia function. tachycardia function. asynchronous pacing for during scan. Reprogram
Reprogram to appropriate | Deactivate MRI mode at pacemaker-dependent the device if a higher heart
rate in asynchronous case conclusion. patients. rate is physiologically
pacing mode. Deactivate | o1 MRI nonconditional Ensure restoration of desirable.

MRI mode before patientis | jeyices: suspend anti- permanent settings before | Ensure restoration of
discharged. tachycardia therapy. patient is discharged. permanent settings before
For MRI nonconditional Ensure restoration of patient is discharged.
devices: suspend anti- permanent settings before

tachycardia therapy, patient is discharged.

reprogram to appropriate

rate in asynchronous

pacing mode.

Ensure restoration of

permanent settings before

patient is discharged

To utilize programmer or external defibrillator, patient will need to be moved outside of the immediate vicinity of the
MRI machine.

Ophthalmological It is common to use bipolar electrocautery; therefore, there is minimal risk of EMI with the CIED. If monopolar

surgery electrocautery will be used, follow recommendations for surgery above the umbilicus.

Radiofrequency Ablation
(RFA)

If RFA is planned superior to the umbilicus, follow recommendations for surgery above the umbilicus. Keep current
pathway (electrode tip to current return pad) as far away from generator and leads as possible.

CIED: cardiovascular implantable electronic device; MRI: magnetic resonance imaging; EMI: electromagnetic interference
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similar with respect to asynchronous pacing for
pacemaker-dependent patients with suspen-
sion of anti-tachycardia therapy. The Heart
Rhythm Society (HRS) 2017 guidelines also rec-
ommend that for MR nonconditional CIEDs, one
should consider programming to non-pacing
modes (e.g., ODO) or inhibiting modes (e.g., DDI)
for patients that are not pacemaker -depen-
dent* The HRS also states that it is reasonable
for MR nonconditional CIEDs to have an MRI if
there are no fractured, epicardial, or abandoned
leads and MRI is the best diagnostic test to
answer the clinical question. Perioperative
guidelines for CIED care in the MRl environment
also include EKG and pulse oximetry monitoring,
personnel able to perform advanced cardiovas-
cular life support (ACLS), external defibrillator
immediately available outside zone 4, and per-
sonnel able to program CIED available as
defined by institutional protocol.?

ALTERNATIVE PACING SITES

Anesthesia professionals might encounter
CIEDs that are aimed to provide cardiac physi-
ologic pacing (CPP). CPP is any form of pacing
that restores or preserves ventricular syn-
chrony. CPP is further divided into conduction
system pacing such as His bundle pacing, left
bundle branch pacing, or cardiac resynchroni-
zation therapy (CRT). CRT is achieved with
biventricular (BiV) pacing using a coronary sinus
branch or epicardial left ventricular lead. The
goal of CPP is to reduce heart failure that may
be seen in patients who require a significant
amount of ventricular pacing. Patients who
require substantial ventricular pacing may
develop pacing-induced cardiomyopathy.
Patients who have His bundle pacing or left
bundle branch pacing should be managed simi-
larly to patients with traditional dual chamber
pacemakers in the perioperative period.

UPDATES IN THE LITERATURE

Since the 2020 update to the original article,
further guidelines from the British Heart Rhythm
Society have been published in 2022 in Anaes-
thesia.*®’ Additionally, the European Heart
Rhythm Association in conjunction with the
Heart Rhythm Society, Latin American Heart
Rhythm Society, and Asian Pacific Heart
Rhythm Society published a comprehensive
consensus statement regarding the prevention
and management of procedural EMI in patients
with CIEDs (Table 2).2 Strengths of these articles
include the discussion of common procedural
contexts that have not before been broadly dis-
cussed, such as eye surgery, electroconvulsive
therapy, and dental work, as well as more
nuanced discussions of CIED management in

Table 4: Essential information to be communicated to the perioperative team
by the CIED specialty or electrophysiology team

-

Indication for device placement

2 | Device type, manufacturer and model

3 | Date of last device interrogation*

*Guidelines recommend ICD or cardiac resynchronization devices to be interrogated every 6 months,
pacemakers to be interrogated every 12 months in the absence of clinical changes or concern for performance

4 | Battery longevity

5 | Any leads placed or replaced within the last 3 months

6 | Whether patient is pacemaker dependent

7 | Current program settings

8 | Device response to magnet placement

9 | Whether any alerts have been placed on device, i.e., any recalls or manufacturing issues

10 | Last pacing thresholds

device characteristics, and surgical factors

" | Individual perioperative recommendations or prescriptions based on patient information,

12| Device location (pre-pectoral region, vs. lateral chest wall, vs. abdomen)

ICD: implantable cardiac defibrillator

Used with permission from Neelankavil JP, Thompson A, Mahajan A. Managing cardiovascular implantable electronic devices
(CIEDs) during perioperative care. APSF Newsletter. 2013:2;29-35.

clinical contexts like MRI scanning and thera-
peutic radiation for malignancy (Table 3).

Key recommendations of these papers reiter-
ate that electromagnetic interference, most
often in the form of monopolar electrocautery
above the umbilicus, may continue to pose a
threat to patient safety by inhibiting pacing in
the pacemaker-dependent patient, inappropri-
ate cardiac defibrillator shocks, or device
resets. The anesthesia professional at the time
of procedure must be equipped with essential
information (Table 4) to support the patient with
a CIED through the periprocedural period. It is
imperative the anesthesia team understand the
response to a CIED to magnet application.

Although some academic centers have a
dedicated perioperative CIED team,® managing
cardiac devices is within the scope of practice
of perioperative providers.® Thankfully, there
exist guidelines and consensus statements to
help steer perioperative management of these
devices. Smartphone-based apps such as
Pacemaker-ID and Device Detector may aid
providers by being able to correctly identify
CIEDs via chest x-ray. Especially as technology
continues to evolve, ongoing education in the
management of these devices is essential.
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