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Biotronik cardiovascular implantable electronic devices, specifically Biotronik pacemakers, contain unique features that are relevant to perioper-

ative management. For example, Biotronik pacemakers have a programmable response to magnet application, a default magnet response that

does not result in sustained asynchronous pacing, and a unique method of rate adaptation (eg, closed loop stimulation). This review article

focuses on these unique features; the interpretation of Biotronik interrogation reports; and the basic programming (eg, mode, rate, rate adapta-

tion, tachyarrhythmia therapies) relevant to the perioperative management of Biotronik cardiovascular implantable electronic devices.
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PREVIOUS PUBLICATIONS in this review series have

focused on the interpretation of interrogation reports and basic pro-

gramming pertinent to the perioperative management of Abbott

(St. Jude Medical) and Boston Scientific cardiovascular implant-

able electronic devices (CIEDs).1,2 This review article focuses on

the interpretation of interrogation reports and basic programming

(eg, mode, rate, rate modulation, and tachyarrhythmia therapies)

related to the perioperative management of Biotronik (Lake

Oswego, OR) CIEDs. As stated in previous publications, the infor-

mation presented in this review series should not be interpreted as
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evidence for CIED programming to be completed by untrained

and uncredentialed practitioners. CIED interrogation and program-

ming should be performed only by practitioners who are appropri-

ately trained and credentialed. Rather, the authors believe that the

retention of relevant CIED information is facilitated by a thorough

knowledge of the devices, programmers, reports, and management

options. This review series hopefully serves as an introduction for

interested individuals or as a resource for those in training. What-

ever the motivation, it is important to recognize that when a con-

sulting physician or licensed practitioner is not involved in the

perioperative management, anesthesiologists are medicolegally

responsible for these devices and their management in the periop-

erative period. Therefore, it behooves anesthesiologists to have a

thorough knowledge of these devices, including programming

options. In an effort to depict the clinical relevance of this
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information, a brief case description will precede the discussion of

information relevant to the perioperative management of Biotronik

CIEDs.
Case Report

An 88-year-old, 170 cm, 74 kg male with severe unilateral

carotid stenosis was admitted for a right carotid endarterectomy.

His medical history included essential hypertension, diabetes mel-

litus on insulin, Parkinson’s disease, bladder cancer, prostate can-

cer, paroxysmal atrial fibrillation, second-degree atrioventricular

block with bifascicular block, and a dual chamber Biotronik

Eluna 8 DR-T pacemaker (Biotronik, Lake Oswego, OR), which

was implanted after a recorded 10 second asystolic event that

occurred 3 y prior. Preoperative device interrogation identified

that he was atrially and ventricularly paced 28% and 98% of the

time, respectively. After a preoperative history and physical

examination were performed, an arterial line was placed and anes-

thesia was induced uneventfully with intravenous lidocaine

(80 mg), fentanyl (100 mg), propofol (100 mg), and rocuronium

(40 mg). The airway then was secured with a 7-0 endotracheal

tube. Given his preoperative history, the perioperative recommen-

dations provided by a cardiologist, and evidence of a ventricularly

paced rhythm on an electrocardiogram (Fig 1), a magnet was

placed over the CIED generator.

Anesthesia was maintained with infusions of remifentanil

(0.15 mg/kg/min) and propofol (100 mg/kg/min) because of

intraoperative neuromonitoring of somatosensory evoked

potentials (SSEP) and electroencephalography. Blood pressure

was maintained at or above the patient’s baseline with the aid

of an intravenous phenylephrine infusion (10-30 mg/min). The
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Fig 1. Preoperative 12-lead electrocardiogram
patient remained hemodynamically stable and displayed a

paced rhythm. However, 1 hour into the surgical procedure

the paced rate acutely increased and was maintained at 110

bpm. Rhythm strips of this acute increase in heart rate are not

available. According to the practitioners, it was a ventricularly

paced rhythm at a rate of approximately 110 bpm that coin-

cided with monitoring of SSEP. The magnet position was con-

firmed but was not in an asynchronous mode. Review of the

intraoperative anesthesia record by the practitioners revealed

that the paced rate was not sustained at 90 bpm after the mag-

net was applied; therefore, the neuromonitoring technician

was asked to alter the SSEP. The reduction in SSEP frequency

and power resulted in a return to baseline—a paced rhythm at

60 bpm. The surgery was completed and the patient was extu-

bated uneventfully. Postoperatively, the pacemaker was inter-

rogated by an electrophysiologist and determined to be

functioning normally.
Discussion

Medicolegal Responsibility

Even though anesthesiologists do not implant or chronically

manage CIEDs, they often are responsible for patients with CIEDs

in the perioperative period. Anesthesiologists are in a unique posi-

tion to provide perioperative insights and information vital to for-

mulating an appropriate perioperative CIED management plan

with a consulting CIED physician or licensed practitioner. How-

ever, when a consulting physician (eg, electrophysiologist) or

licensed practitioner is not involved in the perioperative manage-

ment of a CIED, the medicolegal responsibility rests with the

anesthesiologist.
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displaying a ventricularly paced rhythm.



Table 2

Biotronik Devices

Biotronik CIEDs

Pacemaker Eluna 8 DR-T/SR-T, Etrinsa 8 DR-T/SR-T, Edora SR-T

ProMRI, Edora DR-T ProMRI

ICD Inventra 7 VR-T DX, Intica 7 VR-T DX ProMRI, Ilivia

7 VR-T ProMRI, Ilivia 7 DR-T ProMRI

CRT-P Etrinsa 8 HF-T, Edora HF-T QP

CRT-D Inventra 7 HF-T QP, Intica CRT-DX ProMRI, Ilivia

HF-T QP ProMRI

Biotronik contact

number

(800)-547-0394

Abbreviations: CIED, cardiovascular implantable electronic device; CRT-D,

cardiac resynchronization therapy-defibrillator; CRT-P, cardiac

resynchronization therapy-pacemaker; ICD, implantable cardioverter

defibrillator.
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Even though anesthesiologists might find this statement unset-

tling, it is based on the fact that industry-employed allied profes-

sions (IEAPs) are not licensed or authorized to practice medicine.

Rather, IEAPs interrogate, provide information, and ultimately

reprogram CIEDs at the “request and direction of physicians.”3,4

Therefore, when an anesthesiologist requests IEAP support inde-

pendent of another physician or licensed practitioner, then the

anesthesiologist assumes the position of responsible physician. It

was clearly stated by the North American Society of Pacing and

Electrophysiology (NASPE) “that the physician has overall

responsibility for the patient being treated and for the pacemaker/

ICD [implantable cardioverter defibrillator] function and pro-

gramming.”3 These sentiments were reiterated in 2008 by the

Heart Rhythm Society (HRS), which stated that “the physician

bears the responsibility for assessing effectiveness of device pro-

gramming and any device malfunctions and recommending spe-

cific courses of action.”4 Even though these statements likely

were intended for electrophysiologists, they also apply to anes-

thesiologists. In fact, their sentiments have been echoed in the

anesthesia literature by Crossley et al., Rooke et al., and Ellis

et al., who stated that IEAPs do not have the clinical privileges to

determine the appropriate programming for surgery and that inde-

pendent CIEDmanagement is beyond the scope of IEAPs.5-7
Biotronik CIEDs: Magnet Responses

Similar to Abbott (St. Jude) and Boston Scientific CIEDs, Bio-

tronik pacemakers have a programmable response to magnet

application (Table 1). In addition, the default response of Biotro-

nik pacemakers is a brief period of asynchronous pacing followed

by a return to the original settings at the lower rate limit. In the

case described here, the anesthesia providers and consulted cardi-

ologist were unaware that the magnet response was programma-

ble and that the device response was programmed to “Auto”

(Table 1).8-10 Given that magnet application in the “Auto” setting

changes the mode to asynchronous for only 10 beats and the origi-

nal settings lacked rate response, a proposed mechanism for the

intraoperative rate increase that occurred was inappropriate ven-

tricular tracking of SSEPs as atrial activity.11

As illustrated by the present case, if magnet application is

anticipated in the perioperative period, it is imperative that

proper device identification (Table 2) and confirmation of the

programmed magnet response, if applicable, occur in the
Table 1

Biotronik Devices: Potential Responses to Magnet Application

Device Setting Response to Magnet Application

Pacemakers

Auto (default) 10 asynchronous beats at 90 bpm fol

At ERI, 10 asynchronous beats at 8

Asynchronous Asynchronous pacing at 90 bpm. AV

At ERI or EOL, asynchronous pac

Synchronous Pacing continues in original program

At EOL, VDD or VVI with the LR

Defibrillators

Tachyarrhythmia therapies are disab

Abbreviations: AV, atrioventricular; bpm, beats per minute; EOL, end of life; ERI, e
preoperative period. As previously described, the Biotronik

alpha numeric code, characteristic shape, and presence or

absence of a high-voltage coil on a chest radiograph can aid

the practitioner in identifying the device company and distin-

guishing between an ICD and pacemaker (Fig 2).1,2,12,13 Once

the device company has been identified, the company can be

contacted (800-547-0394) and the Biotronik Renamic pro-

grammer (Biotronik, Lake Oswego, OR) can be used to inter-

rogate the device and obtain a report. Ultimately, either the

device programmer (Fig 3), an interrogation report (Fig 4), or

sustained response to magnet application can be used to con-

firm the magnet response of a Biotronik pacemaker.
Biotronik Renamic Programmer

Initiation of the Biotronik Renamic programmer is similar

to that previously described for Abbott (St. Jude) and Boston

Scientific device programmers.1,2 To open the device pro-

grammer, depress the latches on both sides of the programmer.

The power cord, which is stored in the rear compartment on

the base, inserts on the back left of the Renamic programmer

near the power button. After the device programmer is pow-

ered on and the programming head or wand is placed over the

CIED pulse generator, the display can be manipulated with an

untethered stylus. Although these steps and many aspects of

CIED interrogation are similar across manufacturers (eg,
lowed by a return to the original settings at LRL.

0 bpm in VOO mode followed by VDD or VVI with the LRL reduced by 11%.

delay of 100 ms or the programmed AV delay, whichever is shorter.

ing at 80 pm in VOO mode.

med mode at LRL and an AV delay of 100 ms.

L reduced by 11%.

led and pacemaker settings are left unaltered. No beep or tone emitted.

lective replacement indicator; LRL, lower rate limit.8-10



Fig 2. (A) Upright frontal chest radiograph. A Biotronik transvenous dual chamber pacemaker (Eluna 8 DR-T) with the generator in the left pectoral location and

leads in the right atrium (red arrow) and right ventricle (blue arrow). (B) Chest radiograph with magnification of the generator displaying the characteristic shape

battery, and alpha numeric code (red arrow) of the Biotronik device.

Fig 3. Biotronik Renamic programmer with the power receptacle and on�off

switch (red arrow), rear storage compartment (blue arrow), safe programming

and emergency shock buttons (red oval), and front storage compartment and

untethered stylus (black arrow) highlighted.

Fig 5. Emergency shock and the safe programming (ie, emergency pacing)

buttons, which are located in the left lower corner of the programmer just

below the display.
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radiofrequency telemetry requires that an initial connection be

established with the programming head), there are 2 features

of the Biotronik Renamic programmer that could be used in an

emergency and therefore merit additional attention.

The Renamic programmer has an emergency pacing (ie, VVI)

button (Fig 5) located in the lower left corner of the programmer

just below the display (see Fig 3). After a connection has been
Fig 4. “Parameters � bradycardia” portion of an interrogation report of an Eluna 8 DR-T pacemaker with the magnet response highlighted by a red box.
,

established, safe programming or emergency pacing can be insti-

tuted with both pacemakers and ICDs via this button. The emer-

gency pacing that ensues involves a VVI mode of 80 pulses per

minute at a pulse amplitude of 7.5 volts and pulse width of

1.5 ms.14 Once instituted, to stop emergency pacing, the practi-

tioner is required to restore the previous settings by opening the

parameters screen, selecting the desired settings, and programming

the device (see the Basic Programming section that follows).15

In addition to an emergency pacing button, the Biotronik

Renamic programmer also has an emergency shock button

(see Fig 5), which is similarly located in the lower left corner

of the programmer just below the display (see Fig 3). Unlike

the emergency pacing button, an emergency shock is only pos-

sible if the device is an ICD and a connection has been estab-

lished. If an emergency shock is desired, and after the

emergency shock button has been selected, “Emergency Shock”

must be confirmed in a dialogue window. Once this

2-step process is complete, the device will charge and deliver a

biphasic, synchronized, maximum energy, committed shock.15
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Basic Programming: Biotronik Pacemaker

In order to interrogate and program a device, the clinician

should follow the previously described steps to turn on the

Renamic programmer and connect with the pacemaker. Once

a connection has been established, the main screen “follow-

up” tab will display information also contained in an interro-

gation report (eg, patient information, device information,

mode, rate, battery life, percentage paced) (Fig 6). Given that

interpretation of this information has been discussed in previ-

ous publications, it is not be presented here.1,2 However, it is

worth reiterating that an initial interrogation report should be

printed before any changes are made.

The mode, rate, and rate adaptive therapy can be manipulated

via the “parameters” tab (Fig 7, A). Once the current mode is

selected, the practitioner often is required to select “all modes”

if an asynchronous mode is indicated (Fig 7, B). “Program” will

finalize and implement any desired changes (see Fig 6).

In the authors’ opinion, optimal management in the case pre-

sented here would have involved perioperative interrogation and

programming to an asynchronous mode. However, a magnet

could have been used if the device setting was asynchronous and

the asynchronous rate was deemed appropriate for the patient by

the management team (see Table 1). This magnet response could

have been confirmed in the preoperative period by a recent inter-

rogation report (see Fig 4), sustained asynchronous response to

magnet application at the expected rate, or programming. The

magnet response can be programmed by selecting the “basic rate/

night rate” in the “parameters” tab (see Fig 7, A) and expanding

the magnet response parameters. The desired magnet response
Fig 6. Renamic programmer main screen “follow-up tab” fr
then can be selected—“Async, Sync, or Auto” (Fig 8, A and B).16

As always, any changes need to be programmed and a report

should be printed for documentation.

The Biotronik pacemaker magnet response in the case report

presented here was programmed to the “Auto” mode (see Fig 8,

B). Therefore, as described in Table 1 and displayed in Fig 8, B,

magnet application in the “Auto” mode only resulted in asynchro-

nous pacing in the DOO mode at 90 bpm for the first 10 beats. As

shown in Fig 8, B, the term “cycles” is used in place of “beats”

on the Biotronik Renamic programmer and equates to a cardiac

cycle. The heading “Magnet cycle 1-10” implies that after magnet

application the pacemaker will be in a DOO mode at 90 bpm for

10 beats. With continued magnet application, after 10 beats or

“magnet cycle 11” and greater, the device reverted to a DDD

mode at the base rate of 60 bpm. In addition, had rate adaptation

been active (eg, DDDR) the device would have used a rate adap-

tive mode (eg, DDDR) after 10 beats or “magnet cycle 11” and

greater in the “Auto” mode. In summary, magnet application to

Biotronik pacemakers in the “Auto” mode will not result in sus-

tained asynchronous pacing.

Interrogation Report: Biotronik Pacemaker

The interpretation of information contained within a Biotronik

pacemaker interrogation report (eg, indication for implantation,

date of implantation, interrogation date, threshold, sensitivity, per-

centage paced) have been discussed in previous publications.1,2

Features unique to Biotronik pacemakers include the potential

responses to magnet application (see Table 1) and closed loop

stimulation (CLS) rate adaptation.
om a pacemaker (Eluna 8 DR-T) demonstration patient.



Fig 7. (A) Bradycardia settings of the Renamic programmer “parameters tab” (red arrow) from a pacemaker (Eluna 8 DR-T) demonstration patient with the

mode and rate (red box) and program (blue arrow) buttons highlighted. (B) Renamic programmer available modes with “all modes” delineated by the red

arrow.
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The device response to magnet application can be found in

the first section under the “parameters � bradycardia” heading

(see Fig 4). This section also contains other information perti-

nent to perioperative management including the mode and

basic rate or lower rate limit.
CLS is a form of rate adaptation that is related to the con-

tractile state of the myocardium, predominantly involves the

ventricular lead, and is unique to Biotronik devices. Given that

this form of rate adaptation involves catecholamine stimula-

tion and is based on intracardiac impedances at the lead tip, it



Fig 8. (A) Renamic programmer “parameters” tab from a pacemaker (Eluna 8 DR-T) demonstration patient with the “basic rate/night rate” (red box) selected and

the magnet response delineated as “async” (red arrow). (B) Renamic programmer “parameters” tab from a pacemaker (Eluna 8 DR-T) demonstration patient with

the “basic rate/night rate” selected. The magnet response—“auto”—is delineated by a red arrow and the “magnet cycles” is highlighted by a red box.
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is reported to provide appropriate responses to not only exer-

cise but also emotional stress.17-19 Because these impedances

are based on subthreshold unipolar pulses that are emitted after

a sensed or paced event, the perioperative precautions and

interactions (eg, electrocautery) of thoracic impedance rate

adaptation devices also apply to devices with active CLS rate

adaptation. Furthermore, CLS is theorized to be affected by
myocardial ischemia and cardioactive medications.18 Given

the possible interactions and the recommendations by the

American Society of Anesthesiologists (ASA) and HRS, the

authors prefer that rate adaptation be suspended in the periop-

erative period.7

As implied by the available modes (see Fig 7, B), the moni-

tored rate adaptation variable cannot be accelerometer and
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CLS based. If rate adaptation is desired, then the device can be

programmed to either a CLS (eg, DDD-CLS) or accelerometer

(eg, DDDR) based mode. However, the accelerometer is used

by the device to determine the baseline CLS waveforms,

which are acquired during periods of inactivity.18 Any changes

in impedance associated with increased contractility are com-

pared by the device with baseline waveforms by the device,

and the pacing rate then is increased accordingly.

Interrogation Report: Biotronik ICD

The perioperative management of ICDs frequently hinges

on asynchronous pacing, if indicated, and the temporary sus-

pension of tachyarrhythmia therapies.20-22 Even though tachy-

arrhythmia therapies frequently are suspended during the

perioperative period, conversion to an asynchronous mode is

dependent on the indication for implantation, underlying

rhythm, and percentage paced. As previously described for

Biotronik pacemakers, information regarding the indication

for implantation, mode, rate, rate adaptation, and percentage

paced can be obtained under the “follow-up” and “parameters

� bradycardia” headings of a recent interrogation report.

However, given their dual functionality, the information

regarding tachyarrhythmia therapies and arrhythmia burden

also should be ascertained before a surgical procedure. Tachy-

arrhythmia detection and the confirmatory criteria (eg, rate)

and therapy (eg, antitachycardia pacing v shock) for ventricu-

lar tachycardia or ventricular fibrillation can be confirmed

under the “parameters � overview” heading (Fig 9).

Basic Programming: Biotronik ICD

Temporary suspension of tachyarrhythmia therapies in Biotro-

nik ICDs can be accomplished by applying a magnet (see Table 1).

However, Biotronik ICDs do not emit a confirmatory tone in

response to magnet application. Even though tachyarrhythmia
Fig 9. “Parameters � overview” portion of an interrogation report of an Ilivia 7 HF

ventricular tachycardia zone 1 (VT1), ventricular tachycardia zone 2 (VT2), and ve

chycardia pacing (ATP) and shock therapies for the different zones are delineated by
therapies can be suspended by magnet application, some clinical

situations (eg, inability to secure the magnet out of the surgical

field) and practitioners prefer perioperative ICD programming.

Tachyarrhythmia therapies can be disabled or enabled via the

main screen on the Renamic programmer (Fig 10). As always, the

desired settings must be programmed and an interrogation report

should be printed for documentation. In addition, alternative

means for the treatment of a malignant arrhythmia (ie, external

pads and a defibrillator) should be readily available whenever

tachyarrhythmia therapies are disabled, and the ICD should be

reprogrammed “on” before the patient is discharged from the

postanesthesia care unit.

The application of a magnet to a Biotronik ICD will not

affect the bradycardia pacemaker settings (see Table 1). In

other words, magnet application to a Biotronik ICD will not

affect the pacing mode. Therefore, if an asynchronous mode is

indicated or preferred, it must be programmed with the

Renamic programmer. The mode, rate, and rate adaptation all

can be modified under the “parameters” tab and “bradycardia”

heading (see Fig 10) as previously described.
Postoperative Management

The 2011 HRS/ASA Expert Consensus Statement provided

specific guidance on postoperative interrogation of CIEDs

with the management recommendations being stratified into

the following 3 groups: device evaluation before discharge

from a monitored setting, postoperative device evaluation

within 1 month, and routine follow-up. Postoperative interro-

gation and programming before discharge or transfer from a

monitored setting were deemed necessary if the CIED was

reprogrammed before the procedure (eg, tachyarrhythmia ther-

apies were disabled). In addition, immediate postoperative

interrogation is indicated when a surgery is hemodynamically

challenging, remarkable for significant intraoperative events

(eg, cardiac arrest, temporary pacing, cardioversion), or
-T biventricular implantable cardioverter defibrillator with the rate criteria for

ntricular fibrillation (VF) highlighted by the red box. In addition, initial antita-

the red and blue arrows, respectively.



Fig 10. Bradycardia settings of the Renamic programmer “parameters” tab from an implantable cardioverter defibrillator (Iforia 7 DR-T) demonstration patient

with the tachyarrhythmia “off” button delineated by a red arrow. In addition, the programmed mode and basic rate are highlighted by a red box.
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emergency in nature or electromagnetic interference exposure

occurred above the umbilicus or logistical challenges impedes

the patient from being evaluated within 1 month. Finally, spe-

cific procedures including cardiothoracic surgery, external car-

dioversion, radiofrequency ablation, and therapeutic radiation

were determined to be indications for interrogation before dis-

charge or transfer from a monitored setting.7

A practice advisory released by the ASA in 2011 suggested

that CIED postoperative management should include an inter-

rogation in the postanesthesia care unit or intensive care unit.

However, it was acknowledged that in low-risk situations (eg,

no possibility of intraoperative electromagnetic interference,

no blood products administered, no perioperative program-

ming occurred, no perioperative complications, and appropri-

ate preoperative CIED evaluation occurred), a postoperative

CIED evaluation may not be required.23

Summary

In summary, Biotronik pacemakers possess a programmable

response to magnet application when the default response is

not sustained asynchronous pacing. If asynchronous pacing is

indicated during the perioperative period, then the magnet

response should be confirmed in the preoperative period or the

device should be programmed to an asynchronous mode dur-

ing the surgical period (Table 3). In the preoperative period,

the magnet response can be confirmed by a recent interro-

gation report or a sustained asynchronous rhythm in response

to magnet application.

Biotronik CIEDs also possess a unique method of rate adap-

tation, termed closed loop stimulation, or CLS. When enabled,
CLS modulates the paced rate based on the contractile state of

the myocardium. Despite its unique monitored parameter, the

interactions and precautions applied to other rate adaptation

technology (eg, thoracic impedance) should be extended to

CLS-enabled devices and strong consideration should be given

to a non-rate adaptive mode in the perioperative period.

Even though a magnet can be used to suspend tachyarrhyth-

mia therapies temporarily in the perioperative period, Biotro-

nik ICDs do not emit a confirmatory audible tone. In addition,

if asynchronous pacing is desired in a patient with a Biotronik

ICD in the perioperative period, then programming to an asyn-

chronous mode is required because magnet application to an

ICD does not affect the bradycardia pacemaker settings (see

Table 3).

Conclusion

In conclusion, the authors are not advocating for

untrained and uncredentialed anesthesiologists to assume

total responsibility for CIEDs. However, anesthesiologists

should be cognizant of the limited scope and responsibility

of IEAPs as defined by the HRS. Based on these societal

statements, one can conclude that the medicolegal responsi-

bility for perioperative CIED management rests with the

anesthesiologist when IEAP support is requested indepen-

dent of a consulting physician or licensed practitioner.

Therefore, anesthesiologists should either possess a thor-

ough understanding of CIEDs in order to make educated,

sound management decisions when independently sup-

ported by an IEAP or consult a CIED team member as

defined by the HRS/ASA Expert Consensus Statement.7



Table 3

Specific Perioperative Considerations for Biotronik CIEDs

Preoperative

Pacemakers Determine pacemaker dependency
� Indication for implantation, underlying rhythm,

percentage paced

Determine perioperative EMI risk

Confirm the magnet response (eg, Auto, Async, Sync)
� Auto and Sync: magnet application does not result in

asynchronous pacing

Consider a non-rate adaptive mode for the perioperative

period
� Biotronik CIEDs possess CLS and accelerometer

based rate adaptation

ICDs Determine pacemaker dependency (see the

aforementioned description for pacemakers)

Determine perioperative EMI risk

Intraoperative

Pacemakers Magnet application to devices programmed to the Auto

and Sync magnet response modes does not result in

sustained asynchronous pacing

ICDs No tone is emitted in response to magnet application

Magnet application will not result in asynchronous

pacing

Postoperative

Perioperative programming mandates postoperative interrogation

2011 ASA practice advisory favors interrogation in the postoperative period,

however, acknowledges that in “low-risk” situations it may not be needed

Abbreviations: ASA, American Society of Anesthesiologists; Async,

asynchronous; CIED, cardiovascular implantable electronic device; CLS,

closed loop stimulation; EMI, electromagnetic interference; ICD, implantable

cardioverter defibrillator; Sync, synchronous.
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