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5 MINUTES A resting ECG is the standard of care for the initial assessment of many heart conditions — and it may be the most important thing you do for your patients in a day. It’s imperative that everyone involved in your ECG workflow is aware of and compliant with the key fundamentals. If overlooked, the data captured by your ECG could be
impacted, with consequences for resulting interpretations, diagnoses and patient treatment plans. When was the last time you reexamined how you prepare for and conduct ECG exams to ensure the best possible outcome? If it’s been a while, here are some factors to consider that could be impacting your results. Electrode Storage And Selection An
ECG is only as good as the waveform acquired. That’s why each aspect of the exam is important, even down to how the electrodes themselves are handled and applied. A dry electrode with inadequate gel can reduce conduction of the ECG signal, compromising the data acquired. In most instances, this is simply the result of improper storage and can
be easily avoided by following manufacturer’s instructions and these simple guidelines: Open and remove electrodes from their pouch only when patient prep is completed and apply electrodes immediately. Store pouches with unused electrodes in a resealable zipper storage bag away from light and heat. Be sure to check the expiration date on your
electrodes before use. In addition to proper storage, the type of electrodes used during an exam can make a difference — not all electrodes can be used with all ECG devices. Some tips to keep in mind are: Select the correct electrode for the type of ECG exam you are performing. Use one electrode brand at a time. Multiple electrode brands should not
be mixed during a test as resistance may vary from one manufacturer to another. The best results can be achieved when there is equal signal from all electrodes. Never manually adjust electrode size or shape, as this could impact readings. For pediatric patients, use pediatric electrodes that have been designed by the manufacturer specifically for
this patient population. High-quality ECG waveforms require good practices when prepping the patient and placing electrodes. Even for the most experienced clinicians, periodically reviewing best practices is worthwhile. If proper techniques have not been followed, ECG interpretation may be compromised before it even begins. Following these
guidelines for patient prep consistency can help minimize motion and electrostatic artifact. It can also help ensure accuracy and comparability between traces done at different times, or across facilities. Improperly placed electrodes can potentially lead to mistaken interpretation, misdiagnosis of conditions and mismanagement of patient care.2
Patient preparation best practices: Clear away hair where electrodes will be placed to enhance contact and reduce patient discomfort during removal. Clean the skin to remove lotions, powders or oils that can impede electrical conduction, and dry thoroughly to improve electrode attachment. Abrade the skin to remove dead skin cells, reduce
resistance and enable more of the ECG signal to reach the electrode. Taking just a few extra moments for patient prep can lead to higher quality exams the first time. Proper electrode placement is also critical, as even the slightest deviation from the correct position can create clinically significant changes.1 Improperly placed electrodes can
potentially lead to mistaken interpretation, misdiagnosis of conditions and mismanagement of patient care.2 When it comes to an inaccurate ECG interpretation, the top factor cited is precordial electrode misplacement.2 According to the ACC and AHA, 5% of all ECGs performed are done with a lead reversal.3 Some lead reversals can be difficult to
discern as an error and may lead to physicians incorrectly identifying arrhythmia where there is none.4 Make sure to review proper electrode placement. Many manufacturers include visual placement guidelines right on the device. Signal Interference Precautions An ECG signal can be interrupted by various types of “noise,” producing artifacts that
could impact the quality of your ECG data. Let’s review some types of signal interference to be aware of: Electromagnetic interference (EMI) Electromagnetic interference (EMI) is a consequence of the growing use of smartphones and wearable devices such as smart watches and activity trackers. A review of clinical literature on this topic shows that:
ECG systems can be vulnerable to interference generated by GSM mobile phones when placed too close (7.5 cm) to the electrodes on a patient.5 EMI was also detected when the phone was placed on top of the acquisition module.6 EMI was incorrectly diagnosed by clinicians, most frequently confused with atrial fibrillation, ventricular arrhythmias
and pacemaker disfunction.6 To avoid this form of artifact, make sure the patient and anyone else present removes and turns off these electronic devices. External Forces External forces such as movement from nearby construction have been hypothesized to cause signal interference. This could be a consideration if your ECG devices use highly
sensitive algorithms such as the VERITAS® interpretation algorithm employed by Hillrom™ devices. Like other anomalies that may occur during ECG acquisition, you may want to note in the patient record if such conditions exist during ECG acquisition. ECG interpretation depends on the quality of the data captured, not just the skill of the
practitioner reading the data. Some factors that have a critical impact on the data captured include filtering and sampling. With a better understanding of these factors and their implications, you can take appropriate steps to achieve ECG results you can trust for diagnosis and treatment decisions. Filtering ECG filtering removes noise from ECG
recordings. In so doing, it’s intended to help physicians see waveform data more clearly, making ECGs easier to read and interpret. Filters can be very beneficial, if set to an appropriate threshold, and if the interpretive algorithm still looks at the original versus the processed waveform. While filtering can yield a clean-looking ECG, too much filtering
can distort or remove authentic waveform data. The problem with overly filtered ECGs is that you may not know what you’re missing. Physicians need to be aware of the filtering that takes place on any given ECG, and its potential impact on the interpretation. Governing bodies like the ACC, AHA and HRS publish adult and pediatric guidelines to:
Limit filtering so not to sacrifice potentially lifesaving waveform data Clearly disclose filtering so physicians can more easily identify original vs. processed waveform data Ask Yourself These Questions: Are the filters set to the right threshold per ACC, AHA and HRS recommendations? How can I tell what is original vs. processed waveform data? Does
the interpretation look at the original or the processed waveform? An ECG is really just a visual representation of the electrical activity of the heart. The electrical stimulus of the heart occurs continuously and in a repeated pattern to make the heartbeat. To accurately represent this activity in digital form, a resting electrocardiograph is tasked with
collecting enough data points to reproduce the analog signal as close to the original as possible. The rate at which these data points are sampled can have a significant impact on ECG waveforms that have fast-moving or high-frequency components. Some examples of high-frequency information include: Pacemaker spikes High-frequency notches in
the QRS complex Notches in Left Bundle Branch Block ECGs Consider The Following: Does the sampling rate support a frequency response that is aligned with the published guidelines? Is there any user intervention needed to enhance the pacemaker detection or display? The data captured by your ECG directly impacts the resulting interpretations,
diagnoses and patient treatment plans. Whether you are involved in ECG acquisition or interpretation, spending a little more time considering these critical factors can help improve the accuracy of the data collected and the resulting ECG interpretation. Blog Home Latest Blog Posts: The Tragic Consequences of Neglecting In-Flight Medical
Equipment: A Wake-Up Call for Airlines March 29, 2023 Heart Attack V.S Cardiac Arrest November 17, 2023 The Vital Importance of Comprehensive CPR, AED, and First Aid Training in Child Care Facilities: Meeting DCFS Standards November 9, 2023 Commotio Cordis; How it can happen to healthy athletes like Damar Hamlin November 17, 2023
The Importance of CPR: Understanding the Life-Saving Benefits of Cardiopulmonary Resuscitation. November 18, 2023 Hilton Chicago/Magnificent Mile Hotel On-Site Workplace CPR & AED Training March 10, 2024 Boost Workplace Safety with On-Site CPR & AED Training by Chicago CPR Academy February 19, 2024 Heat Stroke vs. Heat
Exhaustion: How to Stay Safe in Chicago’s Extreme Heat June 25, 2025 Ensuring Safety: Why Chicago Schools Must Prioritize CPR & AED Training for Staff July 29, 2023 The Convenience of Blended Learning: CPR, AED & First Aid Classes at Chicago CPR Academy October 15, 2023 The quality of the ECG signal is an important factor affecting the
accuracy of analysis and proper interpretation, particularly for long-term ECG monitoring such as with Holter monitors or ECG patch devices. Misinterpretation can lead to a wrong diagnosis and consequently the selection of inappropriate treatment. The purpose of this article is to discuss possible ways of improving the quality of ECG signals in order
to obtain more reliable results. Why does the quality of the ECG signal matter? Electrocardiography is a diagnostic procedure that measures the electrical activity of the heart. Contractions of the heart muscle are caused by electrical impulses, which, when recorded on a graph, form an electrocardiogram. Accurate ECG readings are crucial for proper
diagnosis of heart diseases and monitoring of patients. Adequate signal quality will therefore allow rapid intervention in case of any health problems and possible abnormalities in monitored patients will be caught. Factors affecting the quality of the ECG signal To conduct a Holter test in an appropriate way, it is necessary to pay attention to the main
factors that can interfere with the quality of the recorded signal. The most common mistake is placing the electrodes on the body in the wrong way or using poor quality electrodes. Sometimes the poor quality of the ECG can be caused by poor quality recorders. You can find insights on the differences between cable Holter monitors and ECG patch
devices in our prior post here. Signal noise can also occur when a patient deals with the recorder in a wrong way and does not follow the cardiologist’s/manufacturer’s instructions (e.g. pulls the wires, detaches the electrodes). Fat or bones between the electrode’s surface and the heart can also interfere with the quality of the recorded pulses.
External factors such as a patient’s movements or external sources of magnetic fields (e.g. mobile phone) also impair ECG quality. Effects of poor ECG signal quality Poor quality of the recorded signal can have consequences in the form of misinterpretation of false positive/false negative results. Wrong electrode placement or the patient’s muscle
movement can lead to the occurrence of artifacts on the ECG graph. False waves can be misinterpreted as real changes in the heart’s electrical activity. Also, real waves can be distorted due to poor signal quality and misinterpreted as pathological. If the signal is too noisy, some significant abnormalities may go undetected. As a result, the test will
have to be repeated, increasing costs and delaying (often crucial) diagnosis. ECG strip showing an example of false waves that could be misinterpreted as heart activity (source: Cardiomatics) ECG strip showing an example of waves distorted by noise that could be misinterpreted as pathological (source: Cardiomatics)Practical tips for improving ECG
signal quality The basis of a well-performed Holter test is the proper placement of electrodes on the patient’s body. Following the electrode placement configuration according to the device manufacturer’s guidelines is necessary. The configuration is specific for each device. See below an example. Example of ECG manufacturer guidelines for how to
properly place the electrodes (source: Bittium Faros Manual)Before sticking the electrodes, the skin needs to be shaved and cleaned with alcohol. During the test, the patient should also be careful not to detach the electrodes or damage the leads. Contact of the electrodes with water may distort the measurement, so taking showers during the Holter
test is not advisable (unless the device is designed for that). Avoid all sources of external interference, such as limiting the use of a mobile phone that is a source of electromagnetic radiation. Also, medical personnel should be trained in best practices when performing and interpreting ECG tests. For the most accurate test results, use appropriate
equipment: high-quality ECG recorders and specialized ECG analysis software, such as Cardiomatics. New technologies Today, there are modern technologies available, which can improve the quality of ECG signals. Adaptive digital filters are used to reduce noise and interference in ECG signals. These algorithms are capable of dynamical adaptation
to changing conditions, which allows the effective elimination of various types of interference (e.g. 50/60Hz waves from the electrical grid, artifacts). Multi-scale analysis methods allow analysis of the ECG signal on multiple time scales. This makes it possible to detect the slightest changes in the recorded signal and, as a result, get rid of unwanted
noise and artifacts. Artificial intelligence (AI) technologies, such as machine learning and deep neural networks, are increasingly being used to analyze ECG signals. Specialized, advanced artificial intelligence algorithms are able to automatically identify and eliminate artifacts, leading to more reliable results. Cardiomatics’ Al-powered ECG analysis
solution uses these state of the art techniques including signal normalization, signal filtering and deep neural network based detection and classification of QRS complexes, non-diagnostic parts of the signal, as well as identification of heart rhythms. This allows it to produce high quality results across a range of +40 compatible ECG device models. A
Beginners Guide to Normal Heart Function, Sinus Rhythm & Common Cardiac Arrhythmias Electrical Interference Another disturbance or annoyance in terms of rhythm detection, emanating directly from the surrounding environment , is electrical interference. The ECG machine is designed to pick up electrical activity within the heart but it will pick
up electrical activity from nearby machinery, such as: Pumps TV Drills Machinery Image: Electrical Interference So, what are you going to do if you get either of the problems above? You need to repeat the ECG but do as much as you can to correct any modifiable problems, eg Comfort of the patient Turn machines off Drugs to control symptoms
Warm the patient Talk to the workmen Then repeat the ECG! If you repeat the ECG and it is the best you can do then make sure you write this on top of the ECG so you don't get an earful from the cardiologist on the ward round. School of Health Sciences B Floor (South Block Link) Queen's Medical Centre Nottingham, NG7 2HA Tel: +44 (0)115 823
0850 email: shs-enquiries@nottingham.ac.uk An electrocardiogram, or ECG, is a test that records the electrical activity of the heart, providing a graphical representation of its rhythm. Sometimes, the recording picks up signals that do not originate from the heart itself. These disturbances, known as artifacts, are electrical noise that can obscure the
true cardiac tracing. Because these false signals can mimic serious heart problems, understanding how to recognize them is a fundamental part of interpreting ECGs correctly. Sources and Appearances of ECG Artifacts One of the most frequent types is somatic artifact, also called muscle tremor, which is caused by electrical signals from skeletal
muscles. It appears as a fuzzy or jagged baseline on the ECG and can be triggered by patient movement, shivering, or tense muscles from anxiety. Conditions like Parkinson’s disease can also produce these small, erratic spikes throughout the tracing. Another source of distortion is alternating current (AC) interference. This artifact originates from
external electrical equipment, like power lines or cell phones, near the ECG machine. It creates a very regular, fine line superimposed over the cardiac rhythm. In countries with a 60 Hz power supply, this is known as 60-cycle interference, which the ECG machine picks up. A wandering baseline appears as a slow, undulating drift of the entire tracing
up and down. This is caused by issues that affect the connection between the electrode and the skin. Common causes include patient breathing or other body movements that alter electrode contact. A poor skin-electrode interface from oily skin or insufficient conductive gel can also lead to this baseline drift. Problems with the ECG equipment itself
are a significant source of artifacts. Loose or disconnected electrode leads can result in a wildly erratic line or a flat line that could be mistaken for cardiac arrest. A poor connection can be caused by adhesive patches losing stickiness, improperly placed electrodes, or fractured cables, creating a nonsensical tracing. Distinguishing Artifacts from True
Cardiac Events A primary step in ECG interpretation is determining if an unusual pattern is a genuine arrhythmia or an artifact by checking the patient. An individual with a life-threatening arrhythmia would show clinical signs, such as dizziness or loss of consciousness. If the patient is stable and comfortable but the monitor shows a chaotic rhythm,
the cause is likely an artifact. True cardiac events tend to follow physiological patterns, whereas artifacts are often more chaotic. A key technique is to look for underlying normal QRS complexes—the part of the ECG representing the main contraction of the ventricles—marching through the noise. If clear, normal beats can be seen at regular
intervals, the interference is likely an artifact superimposed on a normal rhythm. Another analytical method involves comparing signals across different ECG leads. A true cardiac event is a global phenomenon in the heart and should appear with logical consistency across multiple related leads. An artifact caused by a single faulty electrode or
localized muscle movement may be confined to just one or two leads. Sometimes, an artifact can mimic specific arrhythmias, which requires careful analysis. For instance, rhythmic muscle tremors can create a pattern that looks like atrial flutter or ventricular tachycardia. If the underlying rhythm is perfectly regular and the patient has a known
tremor, the unusual waves are likely artifactual. A person cannot have a normal sinus rhythm and ventricular tachycardia simultaneously. Strategies for a Clean ECG Tracing Obtaining a high-quality ECG tracing begins with patient preparation. Ensuring the patient is comfortable, warm, and relaxed can reduce somatic artifacts from shivering or
muscle tension. The patient should be instructed to lie still and breathe normally during the recording. Simple measures like providing a blanket can prevent shivering and lead to a cleaner signal. Proper electrode application is fundamental to preventing wandering baseline and artifacts from poor connections. The skin should be clean, and hair may
need to be shaved to ensure direct electrode adhesion. Using fresh electrodes with adequate conductive gel ensures a solid electrical interface. Confirming that each lead wire is securely attached also prevents signal interruptions. The electrical environment can also be managed to minimize interference. Unplugging or moving non-essential electrical
devices, such as fans and phones, away from the patient and the ECG machine reduces AC interference. Ensuring the ECG machine itself is properly grounded is another important step in preventing this artifact. Finally, a routine check of the equipment can prevent artifacts caused by hardware faults. Before a recording, it is good practice to inspect
lead wires and cables for signs of wear or damage. Ensuring that all connections from the electrodes to the machine are secure can prevent the sudden, erratic lines associated with a loose lead. These checks can save time and prevent misinterpretations. As a library, NLM provides access to scientific literature. Inclusion in an NLM database does not
imply endorsement of, or agreement with, the contents by NLM or the National Institutes of Health. Learn more: PMC Disclaimer | PMC Copyright Notice . 2022 Apr 3;24(9):1512-1537. doi: 10.1093/europace/euac040 Interference is defined as disturbance generated by an external source that potentially affects the functioning of cardiac implantable
electronic devices (CIEDs)—i.e. cardiac pacemakers (PMs), implantable cardioverter defibrillators (ICDs), cardiac resynchronization therapy (CRT) devices, and implantable loop recorders (ILRs).1 Energy forms such as radiation, magnetic or electromagnetic fields (EMFs), as well as acoustic signals potentially cause interference due to oversensing
(i.e. signals that are sensed by the device that do not reflect myocardial depolarization) and subsequently temporary suppression or inappropriate delivery of device therapy, programming errors (device reset), or even permanent CIED malfunction (Table 2). Signals causing interference with CIED: possible effects and considerations Signal type
Common sources Possible effects Incidence Specific considerations Electromagnetic fields Electrocautery D, O, R, I H Effect depends on field strength as well as distance to the generator and leads Radiofrequency catheter ablation for cardiac arrhythmias D, O, I H Non-cardiac radiofrequency ablation O, I M Radiofrequency identification devices O, I
L Electrical stimulation therapy (TENS, EMS, SCS) O, I H Therapeutic diathermy O, I L Therapeutic ionizing radiation Gamma rays D, O, R, I, sudden battery depletion L. Effect depends on accumulated radiation dose on the generator and specifically neutron contamination Photon beam M Proton beam H Carbon ion L Acoustic waves Lithotripsy D, O,
I L Shockwave may cause mechanical derangement Miscellanea Electrical cardioversion or defibrillation R, D M Electroconvulsive therapy I M Tissue expanders employing magnets I L. Effect depends on location with respect to CIED Electromyograms O L Effect depends on location with respect to CIED Multiple signals Magnetic resonance imaging
(MRI) D, O, R, I, sudden battery depletion H Effect depends on MRI conditionality and programming of device The majority of interference sources are non-biological in origin and occur in the hospital environment,2 and most inappropriate CIED responses are potentially avoidable. Electromagnetic interference (EMI) can be detected by device
interrogation and analysis of intracardiac electrocardiograms (Figure 1B) and is not a rare finding in CIED patients: in single-centre studies, the incidence of EMI in CIED was determined as 1.87% per patient-year, while episodes with clinical impact were present in 0.27%.3,4 (A) Inhibition of right-ventricular pacing by unipolar electrocautery during
revision of the atrial lead in a 64-year-old PM-dependent patient: ECG Leads I and II and invasive blood pressure measurements are shown; arrows indicate the initiation of cautery bursts (arrow), leading to pacing inhibition and subsequent drops in blood pressure. (B) Ventricular oversensing in a 69-year-old VVI-ICD patient with ischaemic
cardiomyopathy during TENS: electrical bursts result in the inhibition of ventricular pacing and detection of VF leading to shock therapy (arrow).Thus, information about sources, mechanisms, device effects, and EMI prevention is important for CIED patients as well as caregivers. A panel of 20 CIED experts was set up by EHRA to write an
international consensus statement. Members of associated societies, i.e. the US (HRS), the Latin American (LAHRS), and the Asian Pacific Heart Rhythm Society (APHRS), also designated two authors each to complete the collaborative group. Sections of the consensus were divided according to the type of medical intervention and special foci were
defined for surgical procedures (electrocautery), therapeutic radiation, and magnetic resonance imaging (MRI). The authors were asked to perform a detailed literature review including case reports, observational studies, and randomized trials published until 30 June 2021 and to weigh the strength of evidence for or against a particular procedure
based on these published trials and/or on expert opinion. In controversial areas, a consensus was achieved by agreement of the expert panel after detailed discussions. Technical features from manufacturers published in the literature or operating manuals were also taken into account. Categories of the consensus document were used according to
the Colour Heart (Table 1). Categories used in the document according to the color heart table. Consensus statement Definition Symbol Indicated or ‘should do this’ Scientific evidence that a treatment or procedure is beneficial and effective, or is strongly supported by authors' consensus May be used General agreement and/or scientific evidence
favour the usefulness/efficacy of a treatment or procedure Should not be used Scientific evidence or general agreement not to use or recommend a treatment or procedure Multiple sources of interference exist in the hospital environment. Potential-associated risks depend on patients' characteristics, the intervention, and the CIED used. Both EMFs
and radiation can affect CIED function.5 Details on possible effects and incidence are listed in Table 2. Oversensing by EMI can result in a variety of CIED behaviours: in pacing systems, oversensing of noise on the atrial channel will result in triggered ventricular pacing or inappropriate detection of atrial high-rate events and mode switching.
Oversensing in the ventricular channel will be interpreted as intrinsic R-waves and typically result in the inhibition of ventricular pacing, which may cause asystole and syncope in PM-dependent patients (Figure 1A). In an ICD, oversensing on the ventricular channel will not only cause ventricular pacing inhibition but is also likely to result in shock
therapy for ventricular fibrillation (VF), if it lasts long enough (Figure 1B). Whereas transient EMI can temporarily modify CIED function, longer and repeated episodes are able to change the setting of the device to a programming that does not resolve spontaneously after EMI discontinuation. This behaviour may result in a ‘backup mode’, ‘reset
mode’, or ‘power on reset’, which can make reprogramming the device necessary. In ILR, electrocautery, radiation, and MRI do not change programmed parameters, sensing fidelity, or battery parameters but may cause artefacts in stored electrocardiograms (Table 3).6 Possible effects of EMI on PM, ICD, and ILR Pacemakers (PM) Effect (T/P) Pacing
inhibition in the ipsilateral chamber (e.g. ventricular pacing inhibition due to oversensing on the ventricular channel) T Cross-chamber pacing in the contralateral chamber (e.g. ventricular pacing due to oversensing on the atrial channel) T Alteration of rate responsive behaviours (e.g. activation of CIED sensor by monitoring equipment)7,8 T
Asynchronous pacing, loss of AV (atrioventricular) synchrony in dual-chamber devices, e.g. due to noise reversion mode T Inappropriate automatic mode switching or atrial anti-tachycardia pacing due to oversensing in the atrial channel T Modification of measured pacing/sensing thresholds T Run-away PM (PM-induced tachycardia as a result of EMI)
P Power on reset and backup mode P Implantable defibrillators (ICD) Effect (T/P) Modified anti-bradycardia function (as in PM above) T Inappropriate shocks or anti-tachycardia pacing, if oversensing in the ventricular channel occurs due to EMI T Long-short-long sequence pacing or inappropriate pacing related pro-arrhythmia T Truncation of
pacing output when EMI is sensed on the defibrillation circuits9 P Sudden battery depletion P Implantable loop recorders (ILR) Effect (T/P) Artefacts mimicking tachyarrhythmias10 T Proper planning of the procedure is essential to ensure CIED patient safety and that the procedure runs smoothly. The following points need to be addressed (Table 4).
Checklist before the procedure Understanding of the planned procedure (e.g. target zone of radiotherapy, indication, and anatomic location of surgical procedure, prone patient position during intervention, etc.) v Identification of device (CIED type, manufacturer, battery status, settings, etc.) v Evaluation of PM-dependency v Risk stratification for
periprocedural (ventricular) arrhythmias v Estimation of likelihood of electromagnetic (or other) interference v Determination of needs and means of CIED function (i.e. magnet application vs. reprogramming) v Details about device type, manufacturer, battery status, and CIED settings need to be determined prior to the intervention. If medical
records or a device card are not available, a chest X-ray is very helpful and can determine the type of device (appendix; Figures 7 and 8) and whether there are any abandoned leads. Alternatively, an algorithm11 and two systems based on artificial intelligence, available as an App (‘Pacemaker-ID’)12,13 or as a web-based platform,13 have been shown
to yield accuracies of 85, 89, and 71%, respectively, to identify the device manufacturer, based upon chest X-ray.14 Chest X-ray to identify the type of CIED: typical X-ray pictures of the single-chamber PM (AAI, VVI), dual-chamber PM, single-chamber ICD, dual-chamber ICD, CRT device (PM and ICD), an S-ICD, a leadless PM, an epicardial PM and an
implantable loob recorder (ILR) are shown; importantly, generators of transvenous devices can be implanted in a left and right pectoral pocket, a leadless PM is not equipped with a generator and the can of an S-ICD and an ILR are located on the left lateral thorax. Identification of the CIED manufacturer based on X-ray markers: X-ray opaque
symbols of individual manufacturers marked with a red ellipse and enlarged on the background of the CIED silhouette. (A) CIED manufactured by Biotronik, (B) by Medtronic, (C) by St Jude Medical/Abbott, (D) by Boston Scientific, and (E) by Ela/Sorin. Flowchart for evaluating magnetic resonance imaging in CIED patients. MRI, magnetic resonance
imaging; SAR, specific absorption rate. aConsider only if there is no imaging alternative and the result of the test is crucial for applying life-saving therapies for the patient. Adapted from the 2021 ESC guidelines on cardiac pacing and CRT.45For ILR, no specific measures are needed, except for retrieval of stored electrograms, as these might be
overwritten by artefacts during the procedure. Pacing dependency is defined as the absence of intrinsic escape rhythm or a low heart rate (usually 15 cm away from the pulse generator for backup pacing/defibrillation (ideally in an anteroposterior position) to avoid damage of the CIED.24 Also, electrosurgery grounding pads should be placed >15 cm
away for CIED. A magnet (=10 G) should be readily available at all times for all CIED patients. A second or stronger magnet may be required to close the reed switch in obese individuals or deeper implants. Ideally, CIED-trained personnel and programmer should be available onsite, as changes in a patient's condition during a procedure may require
reprogramming (e.g. requirement to accelerate pacing rate in an ICD patient in whom magnet application only results in inactivation of anti-tachycardia therapy). The principal risk of CIED patients undergoing surgery is EMI due to electrocautery, which may result in the inhibition of pacing, noise reversion mode (with asynchronous pacing), and
inappropriate ICD therapy due to oversensing. The incidence of adverse events occurring during surgery is most likely under-reported, and may even go unnoticed (e.g. inappropriate shocks in a patient under myorelaxants). The intraoperative risk of inference increases with closer proximity to the CIED, specifically to the leads, and with the mode of
electrocautery (uni- or bipolar, coagulation/high voltage vs. cutting/low voltage). Previous recommendations of the American Society of Anesthesiologists state that inactivation of ICD therapy is not necessary, if surgery is conducted with unipolar electrocautery below the umbilicus.23,25 However, this may not be the case if the return electrode is
placed close to the device,19,26 or if a full-body return electrode pad is used (e.g. Megadyne™ pads), as inappropriate ICD shocks have been described in these instances.26-28 In a prospective multicentre observational study including 331 CIED patients undergoing surgery, reprogramming was only performed in ICD patients and in PM-dependent
patients, if surgery was performed 80 G field strength. The site of magnet placement is importantl1 and some devices may require a more eccentric application of the magnet regarding the generator casing in order to optimize field alignment. Magnet response in PM and ICD is summarized in Tables 6 and 7. Magnet response with PM (modified from
Jacob et al.11) Manufacturer Default responsea Remarks Abbott DOO/VOO/AOO 100 bpm Can be programmed to ‘OFF’; if AutoCapture is enabled the device will go to high output mode for the duration of magnet placement Biotronik ‘AUTO’ mode: DOO/VOO/AOO 90 bpm for 10 beats, then back to programmed mode Can also be programmed to
‘ASYNC’ with continued DOO/VOO pacing at 90 bpm (also during standard device interrogation), or to ‘SYNC’ (with continued programmed pacing at lower rate limit) mode Boston Scientific DOO/VOO/AOO 100 bpm Can be programmed ‘OFF’ and ‘store EGM’ with storage of electrograms and no change in pacing Medtronic DOO/VOO/AOO 85 bpm No
magnet response for Micra®© leadless PM; for older devices (e.g. Adapta©, Sensia®©); magnet application is ignored within 1 h of device interrogation, unless data are manually erased at the end of the session Microport/Sorin DOO/VOO/AOO 96 bpm Can be programmed ‘OFF’ Magnet response with implantable cardioverters (ICD) (modified from
Jacob et al.11) Manufacturer Signal Default brady mode Default tachy modea Remarks Abbott None No change Detection and therapy off Can be programmed to ‘OFF’ Biotronik None No change Detection off Since Lumax series: effect lasts for 8 h only even if magnet is still in place Boston Scientific (including S-ICD) Acoustic signal No change
Therapy off Can be programmed to ‘OFF’ Medtronic Acoustic signal No change Detection and therapy off Microport/Sorin None DOO/VOO/AOO 96 bpm without rate response or mode switch; max. pacing output Detection off For Platinium®© devices, the magnet rate is not enabled In PM, the application of a magnet leads to asynchronous pacing
(AOO, VOO, or DOO mode) at the magnet rate (Tables 6 and 7). Of note, in Biotronik PM models, magnet response is only active for 10 beats, and the device reverts to normal synchronous pacing immediately afterwards (Auto-Mode). This requires repeated perioperative application of the magnet to avoid interference. Alternatively, the magnet
response can also be programmed asynchronously (Async). However, with this programming, the magnet mode will also be continuously active during routine device interrogation, which is not optimal for follow-up. Older Medtronic devices (pre Advisa®/Astra®/Azure® series) suspend magnet detection for 60 min after removal of the programming
head, rendering the application of a magnet shortly after programming useless (unless data are manually erased at the end of the session). Finally, Medtronic Micra® leadless PMs do not have any magnet response. Asynchronous pacing might cause stimulation in the vulnerable phase and result in ventricular pro-arrhythmia. Therefore, patients need
to be monitored during magnet application or operation in an asynchronous mode and emergency equipment including an external defibrillator with transcutaneous pacing capabilities needs to be readily available. In ICD, magnet application will only disable detection of tachyarrhythmias (and thereby antitachycardia therapy) without affecting pacing
mode (except for some Microport/Sorin ICD; Tables 6 and 7). Therefore, device reprogramming is necessary for PM-dependent ICD patients. It is important to be aware of the response (i.e. transient audible tone) which results from effective magnet application. Some devices (Biotronik, Abbott, and recent Microport/Sorin ICD) do not emit any
indication of a magnet response, and it may be preferable to reprogramme the device in these instances. Application of magnets on the ICD for procedures using electrocautery more than 15 cm from the device simplifies workflow and has been shown to be safe with a significantly shorter duration of inactivated ICD therapy compared with device
reprogramming in a single randomized study.31 However, magnet placement may not be adequate in some procedures, specifically if prone or lateral positioning is needed for surgery. Thus, CIED reprogramming should be performed before the procedure starts and remain effective during the entire procedure if the device is located close to the
operative field (16 Hz) sensed events within refractory or right after blanking periods are likely to represent noise. Signals sensed during this noise sampling window result in resetting of this window and extension of the blanking period with repetitive sensing leading eventually to asynchronous pacing at the basic rate with short AV delays.
Importantly, ICD therapies are usually not disabled by noise detection. Placing a magnet =10 G field strength over the cardiac device results in a change of programming to a manufacturer-specific ‘magnet mode’ by closing the ‘reed switch’.11,126 Magnets provided by device manufacturers are usually of >80 G field strength. Of note, the magnets
are best placed directly on the top of the device. But there are exceptions and the position of the magnet is recommended to be eccentric over the bottom or top end of the CIED.11 Legacy PM and ICD contain a magnetic reed switch that is closed by a static magnetic field. Because of inadvertent activation or closure in most contemporary ICD, the
magnetic reed switch and its function have been largely replaced by other technologies (integrated solid-state detection Boston Scientific; Hall effect sensor Medtronic; telemetry coil Sorin Group; GMR circuit St Jude Medical). For PM, magnet application generally results in asynchronous pacing. In ICD, a magnet disables tachycardia detection
without having an effect on pacing mode or rate. Using this simple manoeuvre pacing inhibition in PM as well as anti-tachycardia therapies can be actively avoided or treated, if interference due to procedures is anticipated. However, it is strongly recommended for the user to be thoroughly familiar with the specific ‘magnet mode’ for each individual
CIED (Tables 6 and 7). Device interrogation and programming avoids over- and undersensing of EMF and other signals causing interference in CIED and potential clinical consequences. Specifically, an asynchronous mode is programmed (i.e. A00O, VOO, or D00) before surgery in PM-dependent patients with a high risk of interference and during MRI
to avoid oversensing. Moreover, tachycardia detection and/or anti-tachycardia therapy is inactivated in ICD and CRT-D devices, if a significant risk of EMI is anticipated. A basic rate increasing the intrinsic heart rate =20 bpm should be programmed to avoid pacing into the vulnerable phase of the cardiac cycle and rate response should be inactivated.
Asynchronous pacing might cause stimulation in the vulnerable phase and result in ventricular pro-arrhythmia. Moreover, ICD patients are at risk for sustained ventricular arrhythmia as long tachycardia detection and/or therapy is inactivated. Thus, patients should be monitored during magnet application and as long an asynchronous mode is
programmed ICD therapy is inactivated. Both magnet application and CIED reprogramming have their advantages and limitations. Magnets are easily available and there is no specific training needed, whereas device reprogramming needs specific training, but may be customized (Table 11). Thus, specific CIED management needs to be chosen on an
individual basis. Advantages and disadvantages of magnet application and reprogramming of CIED Availability Effect Disadvantages Advantages Magnet application UbiquitousNo training neededEasily accessible ICD: disabling only tachycardia detection and/or therapyPM: asynchronous pacing mode up to 100 bpmSensor unaffected Magnet
dislodgementObesity or deep position of CIED may hamper magnet effect ‘Magnet mode’ may be inactivatedICD: pacing inhibition still possiblePM: asynchronous stimulation resulting in haemodynamic impairment Immediately availableEmergency setting to avoid shocks (ICD) or secure stimulation (PM)No reprogramming needed CIED
reprogramming LimitedDepending on trained personnel and programmer Programming individual pacing mode (e.g. for CRT)Possible to enable tachy therapyPossible to enable rate response Time-consumingReprogramming neededSpecially trained personnel necessarylndividual management dependent on manufacturerPotential risk of programming
errors (e.g. leaving ICD therapies inactivated at discharge) ‘Customized’ programmingStable setting during interventionsImmediate device interrogation to reveal potential damage See Figure 7. See Figure 8. Markus Stiithlinger, Department of Internal Medicine III - Cardiology and Angiology, Medical University of Innsbruck, Innsbruck, Austria.
Haran Burri, Department of Cardiology, University Hospital of Geneva, Geneva, Switzerland. Kevin Vernooy, Department of Cardiology, Cardiovascular Research Institute Maastricht (CARIM), Maastricht University Medical Center, Maastricht, The Netherlands. Rodrigue Garcia, Department of Cardiology, University Hospital of Poitiers, Poitiers,
France; Department of Cardiology, Rigshospitalet, Copenhagen, Denmark. Radoslaw Lenarczyk, Department of Cardiology, Congenital Heart Disease and Electrotherapy, Medical University of Silesia, Silesian Center of Heart Diseases, Zabrze, Poland; Medical University of Silesia, Division of Medical Sciences, Department of Cardiology, Congenital
Heart Diseases and Electrotherapy, Silesian Center for Heart Diseases, Zabrze, Poland. Arian Sultan, Department of Electrophysiology, Heart Center at University Hospital Cologne, Cologne, Germany. Michael Brunner, Department of Cardiology and Medical Intensive Care, St Josefskrankenhaus, Freiburg, Germany. Avi Sabbag, The Davidai Center
for Rhythm Disturbances and Pacing, Chaim Sheba Medical Center, Ramat Gan, Israel. Emin Evren Ozcan, Heart Rhythm Management Center, Dokuz Eylul University, izmir, Turkey. Jorge Toquero Ramos, Cardiac Arrhythmia and Electrophysiology Unit, Cardiology Department, Puerta de Hierro University Hospital, Majadahonda, Madrid, Spain.
Giuseppe Di Stolfo, Cardiac Intensive Care and Arrhythmology Unit, Fondazione IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Italy. Mahmoud Suleiman, Cardiology/Electrophysiology, Rambam Health Care Campus, Haifa, Israel. Florian Tinhofer, Department of Cardiology, Klinik Ottakring, Vienna, Austria. Julian Miguel Aristizabal,
CES University, C Americas AUNA, San Vicente Fundacion, Medellin, Colombia. Ivan Cakulev, University Hospitals of Cleveland, Case Western University, Cleveland, OH, USA. Gabriel Eidelman, San Isidro’s Central Hospital, Diagndstico Maipt, Buenos Aires Province, Argentina. Wee Tiong Yeo, Department of Cardiology, National University Heart
Centre, Singapore, Singapore. Dennis H Lau, Centre for Heart Rhythm Disorders, The University of Adelaide and Royal Adelaide Hospital, Adelaide, SA, Australia. Silva K Mulpuru, Mayo Clinic, Rochester, MN, USA. Jens Cosedis Nielsen, Department of Cardiology, Aarhus University Hospital, and Department of Clinical Medicine, Aarhus University,
Aarhus, Denmark. Frank Heinzel, Department of Cardiology, Charité University Medicine, Campus Virchow-Klinikum, 13353 Berlin, Germany. Mukundaprabhu Prabhu, Associate Professor in Cardiology, In charge of EP Division, Kasturba Medical College Manipal, Manipal, Karnataka, India. Christopher Aldo Rinaldi, St Thomas’ Hospital, Department
of Cardiology, Westminster Bridge Rd, London, UK. Frederic Sacher, Bordeaux University Hospital, Univ. Bordeaux, Bordeaux, France. Raul Guillen, Sanatorio Adventista del Plata, Del Plata Adventist University Entre Rios Argentina, Entre Rios, Argentina. Jan de Pooter, Professor of Cardiology, Ghent University, Deputy Head of Clinic, Heart Center
UZ Gent, Ghent, Belgium. Estelle Gandjbakhch, AP-HP Sorbonne Université, Hopital Pitié-Salpétriere, Institut de Cardiologie, ICAN, Paris, France. Seth Sheldon, The Department of Cardiovascular Medicine, University of Kansas Health System, Kansas City, KS 66160, USA. Glinther Prenner, Medical University of Graz, Graz, Austria. Pamela K Mason,
Director, Electrophysiology Laboratory, University of Virginia, Charlottesville, VA, USA. Stephanie Fichtner, LMU Klinikum, Medizinische Klinik und Poliklinik I, Campus GrofShadern, Miinchen, Germany. Takashi Nitta, Emeritus Professor, Nippon Medical School, Presiding Consultant of Cardiology, Hanyu General Hospital, Saitama, Japan. 1.
Driessen S, Napp A, Schmiedchen K, Kraus T, Stunder D. Electromagnetic interference in cardiac electronic implants caused by novel electrical appliances emitting electromagnetic fields in the intermediate frequency range: a systematic review. Europace 2019;21:219-29. [DOI] [PMC free article] [PubMed] [Google Scholar] 2. Misiri J, Kusumoto
F, Goldschlager N. Electromagnetic interference and implanted cardiac devices: the medical environment (part II). Clin Cardiol 2012;35:321-8. [DOI] [PMC free article] [PubMed] [Google Scholar] 3. von Olshausen G, Rondak IC, Lennerz C, Semmler V, Grebmer C, Reents T, et al. Electromagnetic interference in implantable cardioverter
defibrillators: present but rare. Clin Res Cardiol 2016;105:657-65. [DOI] [PubMed] [Google Scholar] 4. Hours M, Khati I, Hamelin ]. Interference between active implanted medical devices and electromagnetic field emitting devices is rare but real: results of an incidence study in a population of physicians in France. Pacing Clin Electrophysiol
2014;37:290-6. [DOI] [PubMed] [Google Scholar] 5. Nazarian S, Beinart R, Halperin HR. Magnetic resonance imaging and implantable devices. Circ Arrhythm Electrophysiol 2013;6:419-28. [DOI] [PubMed] [Google Scholar] 6. Blaschke F, Lacour P, Walter T, Wutzler A, Huemer M, Parwani A, et al. Cardiovascular magnetic resonance imaging
in patients with an implantable loop recorder. Ann Noninvasive Electrocardiol 2016;21:319-24. [DOI] [PMC free article] [PubMed] [Google Scholar] 7. Southorn PA, Kamath GS, Vasdev GM, Hayes DL. Monitoring equipment induced tachycardia in patients with minute ventilation rate-responsive pacemakers. Br J] Anaesth 2000;84:508-9. [DOI]
[PubMed] [Google Scholar] 8. Trocinski DR, Pickens AT. External monitoring-induced pacemaker-driven tachycardia: a case report. ] Emerg Med 2011;40:e31-3. [DOI] [PubMed] [Google Scholar] 9. Kalbfleisch S, Daoud E, Hummel ]. Failure of ventricular capture from a modern generation CRT-ICD during radiofrequency ablation. Pacing Clin
Electrophysiol 2013;36:775-7. [DOI] [PubMed] [Google Scholar] 10. Suarez-Fuster L, Oh C, Baranchuk A. Transcutaneous electrical nerve stimulation electromagnetic interference in an implantable loop recorder. J] Arrhythm 2018;34:96-7. [DOI] [PMC free article] [PubMed] [Google Scholar] 11. Jacob S, Panaich SS, Maheshwari R, Haddad JW,
Padanilam B]J, John SK. Clinical applications of magnets on cardiac rhythm management devices. Europace 2011;13:1222-30. [DOI] [PubMed] [Google Scholar] 12. Weinreich M, Chudow JJ, Weinreich B, Krumerman T, Nag T, Rahgozar K, et al. Development of an artificially intelligent mobile phone application to identify cardiac devices on chest
radiography. JACC Clin Electrophysiol 2019;5:1094-5. [DOI] [PubMed] [Google Scholar] 13. Howard JP, Fisher L, Shun-Shin M]J, Keene D, Arnold AD, Ahmad Y, et al. Cardiac rhythm device identification using neural networks. JACC Clin Electrophysiol 2019;5:576-86. [DOI] [PMC free article] [PubMed] [Google Scholar] 14. Chudow ]]J, Jones D,
Weinreich M, Zaremski L, Lee S, Weinreich B, et al. A head-to head comparison of machine learning algorithms for identification of implanted cardiac devices. Am J Cardiol 2021;144:77-82. [DOI] [PubMed] [Google Scholar] 15. Steyers CM 1III, Khera R, Bhave P. Pacemaker dependency after cardiac surgery: a systematic review of current
evidence. PLoS One 2015;10:e0140340. [DOI] [PMC free article] [PubMed] [Google Scholar] 16. Korantzopoulos P, Letsas KP, Grekas G, Goudevenos JA. Pacemaker dependency after implantation of electrophysiological devices. Europace 2009;11:1151-5. [DOI] [PubMed] [Google Scholar] 17. Kristensen SD, Knuuti ], Saraste A, Anker S, Botker
HE, Hert SD, et al. 2014 ESC/ESA Guidelines on non-cardiac surgery: cardiovascular assessment and management: the Joint Task Force on non-cardiac surgery: cardiovascular assessment and management of the European Society of Cardiology (ESC) and the European Society of Anaesthesiology (ESA). Eur Heart ] 2014;2014:2383-431. [DOI]
[PubMed] [Google Scholar] 18. Smilowitz NR, Berger ]S. Perioperative cardiovascular risk assessment and management for noncardiac surgery: a review. JAMA 2020;324:279-90. [DOI] [PubMed] [Google Scholar] 19. Gifford ], Larimer K, Thomas C, May P.ICD-ON registry for perioperative management of CIEDs: most require no change. Pacing
Clin Electrophysiol 2017;40:128-34. [DOI] [PubMed] [Google Scholar] 20. Munawar DA, Chan JEZ, Emami M, Kadhim K, Khokhar K, O’Shea C, et al. Magnetic resonance imaging in non-conditional pacemakers and implantable cardioverter-defibrillators: a systematic review and meta-analysis. Europace 2020;22:288-98. [DOI] [PubMed] [Google
Scholar] 21. Guédon-Moreau L, Finat L, Klein C, Kouakam C, Marquié C, Klug D, et al. Usefulness of remote monitoring for the early detection of back-up mode in implantable cardioverter defibrillators. Arch Cardiovasc Dis 2021;114:287-92. [DOI] [PubMed] [Google Scholar] 22. Bravo-Jaimes K, Samala V, Fernandez G, Moravan M], Dhakal S,
Shah AH, et al. CIED malfunction in patients receiving radiation is a rare event that could be detected by remote monitoring. J Cardiovasc Electrophysiol 2018;29:1268-75. [DOI] [PubMed] [Google Scholar] 23. Crossley GH, Poole JE, Rozner MA, Asirvatham SJ, Cheng A, Chung MK, et al. The Heart Rhythm Society (HRS)/American Society of
Anesthesiologists (ASA) Expert Consensus Statement on the perioperative management of patients with implantable defibrillators, pacemakers and arrhythmia monitors: facilities and patient management this document was developed as a joint project with the American Society of Anesthesiologists (ASA), and in collaboration with the American Heart
Association (AHA), and the Society of Thoracic Surgeons (STS). Heart Rhythm 2011;8:1114-54. [DOI] [PubMed] [Google Scholar] 24. Manegold ]JC, Israel CW, Ehrlich JR, Duray G, Pajitnev D, Wegener FT, et al. External cardioversion of atrial fibrillation in patients with implanted pacemaker or cardioverter-defibrillator systems: a randomized
comparison of monophasic and biphasic shock energy application. Eur Heart ] 2007;28:1731-8. [DOI] [PubMed] [Google Scholar] 25. Apfelbaum JL, Schulman PM, Mahajan A, Connis RT, Agarkar M, Task ASA. Practice advisory for the perioperative management of patients with cardiac implantable electronic devices: pacemakers and implantable
cardioverter-defibrillators 2020: an updated report by the American Society of Anesthesiologists Task Force on Perioperative Management of Patients with Cardiac Implantable Electronic Devices (vol 132, pg 225, 2020). Anesthesiology 2020;132:938. [DOI] [PubMed] [Google Scholar] 26. Schulman PM, Treggiari MM, Yanez ND, Henrikson CA,
Jessel PM, Dewland TA, et al. Electromagnetic interference with protocolized electrosurgery dispersive electrode positioning in patients with implantable cardioverter defibrillators. Anesthesiology 2019;130:530-40. [DOI] [PubMed] [Google Scholar] 27. Lefevre R], Crossley GH, Sorabella LL, Siegrist KK, Eagle SS. Unintended ICD discharge in a
patient undergoing bladder tumor resection utilizing monopolar cautery and full-body return electrode. ] Cardiovasc Electrophysiol 2020;31:2762-4. [DOI] [PubMed] [Google Scholar] 28. Singleton M], Fernando R], Bhave P, Clark JR, Johnson JE, Whalen SP, et al. Inappropriate implantable cardioverter-defibrillator therapy with the use of an
underbody electrosurgery dispersive electrode. J Cardiothorac Vasc Anesth 2022:36:236-41. [DOI] [PubMed] [Google Scholar] 29. Rozner MA, Kahl EA, Schulman PM. Inappropriate implantable cardioverter-defibrillator therapy during surgery: an important and preventable complication. J Cardiothorac Vasc Anesth 2017;31:1037-41. [DOI]
[PubMed] [Google Scholar] 30. Neubauer H, Wellmann M, Herzog-Niescery ], Wutzler A, Weber TP, Miigge A, et al. Comparison of perioperative strategies in ICD patients: the perioperative ICD management study (PIM study). Pacing Clin Electrophysiol 2018;41:1536-42. [DOI] [PubMed] [Google Scholar] 31. Gifford ], Larimer K, Thomas C,
May P, Stanhope S, Gami A. Randomized controlled trial of perioperative ICD management: magnet application versus reprogramming. Pacing Clin Electrophysiol 2014;37:1219-24. [DOI] [PubMed] [Google Scholar] 32. Mukerji S, Khunnawat C, Sankaran S, Thakur RK. Wide QRS complex tachycardia in a patient with a minute ventilation rate-
responsive pacemaker. Pacing Clin Electrophysiol 2006;29:296-7. [DOI] [PubMed] [Google Scholar] 33. Cronin B, Dalia A, Sandoval K, Birgersdotter-Green U, Sherer E, Essandoh MK. Perioperative interrogation of Biotronik cardiovascular implantable electronic devices: a guide for anesthesiologists. ] Cardiothorac Vasc Anesth 2019;33:3427-36.
[DOI] [PubMed] [Google Scholar] 34. Plakke M]J, Maisonave Y, Daley SM. Radiofrequency scanning for retained surgical items can cause electromagnetic interference and pacing inhibition if an asynchronous pacing mode is not applied. A A Case Rep 2016;6:143-5. [DOI] [PubMed] [Google Scholar] 35. Salcedo ]D, Pretorius VG, Hsu JC, Lalani
GG, Schricker AA, Hebsur SM, et al. Compatibility of radiofrequency surgical sponge detection technology with cardiac implantable electronic devices and temporary pacemakers. Pacing Clin Electrophysiol 2016;39:1254-60. [DOI] [PubMed] [Google Scholar] 36. Di Stolfo G, Mastroianno S, Massaro R, Vigna C, Russo A, Potenza DR.
Inappropriate shock and percutaneous cardiac intervention: a lesson to learn in the cath lab. Pacing Clin Electrophysiol 2019;42:1496-8. [DOI] [PubMed] [Google Scholar] 37. Kalin R, Stanton MS. Current clinical issues for MRI scanning of pacemaker and defibrillator patients. Pace 2005;28:326-8. [DOI] [PubMed] [Google Scholar] 38. Mollerus M,
Albin G, Lipinski M, Lucca J. Magnetic resonance imaging of pacemakers and implantable cardioverter-defibrillators without specific absorption rate restrictions. Europace 2010;12:947-51. [DOI] [PubMed] [Google Scholar] 39. Nazarian S, Hansford R, Rahsepar AA, Weltin V, McVeigh D, Gucuk Ipek E, et al. Safety of magnetic resonance
imaging in patients with cardiac devices. N Engl ] Med 2017;377:2555-64. [DOI] [PMC free article] [PubMed] [Google Scholar] 40. Nazarian S, Hansford R, Roguin A, Goldsher D, Zviman MM, Lardo AC, et al. A prospective evaluation of a protocol for magnetic resonance imaging of patients with implanted cardiac devices. Ann Intern Med
2011;155:415-24. [DOI] [PMC free article] [PubMed] [Google Scholar] 41. Russo R], Costa HS, Silva PD, Anderson JL, Arshad A, Biederman RW, et al. Assessing the risks associated with MRI in patients with a pacemaker or defibrillator. N Engl ] Med 2017;376:755-64. [DOI] [PubMed] [Google Scholar] 42. Wilkoff BL, Bello D, Taborsky M,
Vymazal J, Kanal E, Heuer H, et al. Magnetic resonance imaging in patients with a pacemaker system designed for the magnetic resonance environment. Heart Rhythm 2011;8:65-73. [DOI] [PubMed] [Google Scholar] 43. Irnich W, Irnich B, Bartsch C, Stertmann WA, Gufler H, Weiler G. Do we need pacemakers resistant to magnetic resonance



imaging? Europace 2005;7:353-65. [DOI] [PubMed] [Google Scholar] 44. Roguin A, Schwitter ], Vahlhaus C, Lombardi M, Brugada ], Vardas P, et al. Magnetic resonance imaging in individuals with cardiovascular implantable electronic devices. Europace 2008;10:336-46. [DOI] [PubMed] [Google Scholar] 45. Glikson M, Nielsen JC, Kronborg
MB, Michowitz Y, Auricchio A, Barbash IM, et al. 2021 ESC Guidelines on cardiac pacing and cardiac resynchronization therapy. Eur Heart ] 2021;42:3427-520. [DOI] [PubMed] [Google Scholar] 46. Yao A, Goren T, Samaras T, Kuster N, Kainz W. Radiofrequency-induced heating of broken and abandoned implant leads during magnetic
resonance examinations. Magn Reson Med 2021;86:2156-64. [DOI] [PMC free article] [PubMed] [Google Scholar] 47. Higgins JV, Gard ]J, Sheldon SH, Espinosa RE, Wood CP, Felmlee JP, et al. Safety and outcomes of magnetic resonance imaging in patients with abandoned pacemaker and defibrillator leads. Pacing Clin Electrophysiol
2014;37:1284-90. [DOI] [PubMed] [Google Scholar] 48. Schaller RD, Brunker T, Riley MP, Marchlinski FE, Nazarian S, Litt H. Magnetic resonance imaging in patients with cardiac implantable electronic devices with abandoned leads. JAMA Cardiol 2021;6:549-56. [DOI] [PMC free article] [PubMed] [Google Scholar] 49. Padmanabhan D, Kella
DK, Mehta R, Kapa S, Deshmukh A, Mulpuru S, et al. Safety of magnetic resonance imaging in patients with legacy pacemakers and defibrillators and abandoned leads. Heart Rhythm 2018;15:228-33. [DOI] [PubMed] [Google Scholar] 50. Wollmann CG, Thudt K, Kaiser B, Salomonowitz E, Mayr H, Globits S. Safe performance of magnetic
resonance of the heart in patients with magnetic resonance conditional pacemaker systems: the safety issue of the ESTIMATE study. ] Cardiovasc Magn Reson 2014;16:30. [DOI] [PMC free article] [PubMed] [Google Scholar] 51. Konig CA, Tinhofer F, Puntus T, Burger AL, Neubauer N, Langenberger H, et al. Is diversity harmful? - Mixed-brand
cardiac implantable electronic devices undergoing magnetic resonance imaging. Wien Klin Wochenschr 2021. doi: 10.1007/s00508-021-01924-w. (EPUB ahead of print: 17 August 2021) [DOI] [PMC free article] [PubMed] [Google Scholar] 52. Shah AD, Patel AU, Knezevic A, Hoskins MH, Hirsh DS, Merchant FM, et al. Clinical performance of
magnetic resonance imaging conditional and nonconditional cardiac implantable electronic devices. Pacing Clin Electrophysiol 2017;40:467-75. [DOI] [PubMed] [Google Scholar] 53. Bongiorni MG, Kennergren C, Butter C, Deharo JC, Kutarski A, Rinaldi CA, et al. The European Lead Extraction ConTRolled (ELECTRa) study: a European Heart
Rhythm Association (EHRA) registry of transvenous lead extraction outcomes. Eur Heart ] 2017;38:2995-3005. [DOI] [PubMed] [Google Scholar] 54. Friedman HL, Acker N, Dalzell C, Shen WK, Asirvatham SJ, Cha YM, et al. Magnetic resonance imaging in patients with recently implanted pacemakers. Pacing Clin Electrophysiol 2013;36:1090-5.
[DOI] [PubMed] [Google Scholar] 55. Chaudhry U, Svensson J, Mosén H, Mortsell D. Cardiac magnetic resonance imaging in a patient with temporary external pacemaker: a case report. Eur Heart ] Case Rep 2019;3:1-4. [DOI] [PMC free article] [PubMed] [Google Scholar] 56. Kovach C, Swirka M, McGuinn E, Honce JM, Groves DW, Tumolo
AZ. Magnetic resonance imaging in a patient with temporary external pacemaker. HeartRhythm Case Rep 2020;6:637-40. [DOI] [PMC free article] [PubMed] [Google Scholar] 57. Chang AC, Mcareavey D, Tripodi D, Fananapazir L. Radiofrequency catheter atrioventricular node ablation in patients with permanent cardiac pacing systems. Pace
1994;17:65-9. [DOI] [PubMed] [Google Scholar] 58. Pluymaekers N, Dudink E, Boersma L, Erkiiner 0O, Gelissen M, van Dijk V, et al. External electrical cardioversion in patients with cardiac implantable electronic devices: is it safe and is immediate device interrogation necessary? Pacing Clin Electrophysiol 2018;41:1336-40. [DOI] [PubMed]
[Google Scholar] 59. Liker ], Sultan A, Plenge T, van den Bruck ], Heeger CH, Meyer S, et al. Electrical cardioversion of patients with implanted pacemaker or cardioverter-defibrillator: results of a survey of German centers and systematic review of the literature. Clin Res Cardiol 2018;107:249-58. [DOI] [PubMed] [Google Scholar] 60. Prakash
A, Saksena S, Mathew P, Krol RB. Internal atrial defibrillation: effect on sinus and atrioventricular nodal function and implanted cardiac pacemakers. Pacing Clin Electrophysiol 1997;20:2434-41. [DOI] [PubMed] [Google Scholar] 61. Sadoul N, Blankoff I, de Chillou C, Beurrier D, Messier M, Bizeau O, et al. Effects of radiofrequency catheter
ablation on patients with permanent pacemakers. J Interv Card Electrophysiol 1997;1:227-33. [DOI] [PubMed] [Google Scholar] 62. Lakkireddy D, Patel D, Ryschon K, Bhateja R, Bhakru M, Thal S, et al. Safety and efficacy of radiofrequency energy catheter ablation of atrial fibrillation in patients with pacemakers and implantable cardiac
defibrillators. Heart Rhythm 2005;2:1309-16. [DOI] [PubMed] [Google Scholar] 63. Beinart R, Nazarian S. Effects of external electrical and magnetic fields on pacemakers and defibrillators: from engineering principles to clinical practice. Circulation 2013;128:2799-809. [DOI] [PMC free article] [PubMed] [Google Scholar] 64. Zweerink A,
Bakelants E, Stettler C, Burri H. Cryoablation vs. radiofrequency ablation of the atrioventricular node in patients with His-bundle pacing. Europace 2021;23:421-30. [DOI] [PubMed] [Google Scholar] 65. Darrat YH, Morales GX, Elayi CS. The effects of catheter ablation on permanent pacemakers and implantable cardiac defibrillators. J Innov Card
Rhythm Manag 2017;8:2630-5. [DOI] [PMC free article] [PubMed] [Google Scholar] 66. Friedman D], Parzynski CS, Varosy PD, Prutkin JM, Patton KK, Mithani A, et al. Trends and in-hospital outcomes associated with adoption of the subcutaneous implantable cardioverter defibrillator in the United States. JAMA Cardiol 2016;1:900-11. [DOI]
[PMC free article] [PubMed] [Google Scholar] 67. Siu CW, Tse HF, Lau CP. Avoidance of electromagnetic interference to implantable cardiovertor-defibrillator during atrioventricular node ablation for atrial fibrillation using transvenous cryoablation. Pacing Clin Electrophysiol 2006;29:914-6. [DOI] [PubMed] [Google Scholar] 68. Darrat YH,
Agarwal A, Morales GX, Thompson ], Abdel-Latif A, Waespe K, et al. Radiofrequency and cryo-ablation effect on transvenous pacing and defibrillatory lead integrity: an in vitro study. J Cardiovasc Electrophysiol 2016;27:976-80. [DOI] [PMC free article] [PubMed] [Google Scholar] 69. Ramirez FD, Reddy VY, Viswanathan R, Hocini M, Jais P.
Emerging technologies for pulmonary vein isolation. Circ Res 2020;127:170-83. [DOI] [PubMed] [Google Scholar] 70. Jarm T, Krmac T, Magjarevic R, Kos B, Cindric H, Miklavcic D. Investigation of safety for electrochemotherapy and irreversible electroporation ablation therapies in patients with cardiac pacemakers. Biomed Eng Online
2020;19:85. [DOI] [PMC free article] [PubMed] [Google Scholar] 71. Pourdjabbar A, Wilkinson M]J, Ang L, Reeves RR, Mahmud E, Patel MP. Inappropriate ICD shock from perceived ventricular fibrillation during balloon manipulation at the time of percutaneous coronary intervention. J Invasive Cardiol 2017;29:E94-5. [PubMed] [Google Scholar]
72. Lin Y, Melby DP, Krishnan B, Adabag S, Tholakanahalli V, Li JM. Frequency of pacemaker malfunction associated with monopolar electrosurgery during pulse generator replacement or upgrade surgery. J Interv Card Electrophysiol 2017;49:205-9. [DOI] [PubMed] [Google Scholar] 73. Friedman H, Higgins JV, Ryan ]D, Konecny T,
Asirvatham SJ, Cha YM. Predictors of intraoperative electrosurgery-induced implantable cardioverter defibrillator (ICD) detection. J Interv Card Electrophysiol 2017;48:21-6. [DOI] [PubMed] [Google Scholar] 74. Sheldon SH, Jazayeri MA, Pierpoline M, Mohammed M, Parikh V, Robinson A, et al. Electromagnetic interference from left ventricular
assist devices detected in patients with implantable cardioverter-defibrillators. J Cardiovasc Electrophysiol 2022;33:93-101. [DOI] [PubMed] [Google Scholar] 75. Burri H. Cardiovascular implantable electronic device procedures in patients with left ventricular assist devices: balancing risks with benefit. JACC Clin Electrophysiol 2020;6:1140-3.
[DOI] [PubMed] [Google Scholar] 76. Parikh V, Sauer A, Friedman PA, Sheldon SH. Management of cardiac implantable electronic devices in the presence of left ventricular assist devices. Heart Rhythm 2018;15:1089-96. [DOI] [PubMed] [Google Scholar] 77. Yalcin YC, Kooij C, Theuns D, Constantinescu AA, Brugts ]J, Manintveld OC, et al.
Emerging electromagnetic interferences between implantable cardioverter-defibrillators and left ventricular assist devices. Europace 2020;22:584-7. [DOI] [PMC free article] [PubMed] [Google Scholar] 78. Zaremba T, Jakobsen AR, Sggaard M, Thggersen AM, Johansen MB, Madsen LB, et al. Risk of device malfunction in cancer patients with
implantable cardiac device undergoing radiotherapy: a population-based cohort study. Pacing Clin Electrophysiol 2015;38:343-56. [DOI] [PubMed] [Google Scholar] 79. Lenarczyk R, Potpara TS, Haugaa KH, Deharo JC, Hernandez-Madrid A, Del Carmen Exposito Pineda M, et al. Approach to cardio-oncologic patients with special focus on patients
with cardiac implantable electronic devices planned for radiotherapy: results of the European Heart Rhythm Association survey. Europace 2017;19:1579-84. [DOI] [PubMed] [Google Scholar] 80. Zaremba T, Jakobsen AR, Sggaard M, Thggersen AM, Riahi S. Radiotherapy in patients with pacemakers and implantable cardioverter defibrillators: a
literature review. Europace 2016;18:479-91. [DOI] [PubMed] [Google Scholar] 81. Zecchin M, Severgnini M, Fiorentino A, Malavasi VL, Menegotti L, Alongi F, et al. Management of patients with cardiac implantable electronic devices (CIED) undergoing radiotherapy: a consensus document from Associazione Italiana Aritmologia e
Cardiostimolazione (AIAC), Associazione Italiana Radioterapia Oncologica (AIRO), Associazione Italiana Fisica Medica (AIFM). Int J Cardiol 2018;255:175-83. [DOI] [PubMed] [Google Scholar] 82. Hashii H, Hashimoto T, Okawa A, Shida K, Isobe T, Hanmura M, et al. Comparison of the effects of high-energy photon beam irradiation (10 and 18
MYV) on 2 types of implantable cardioverter-defibrillators. Int J Radiat Oncol Biol Phys 2013;85:840-5. [DOI] [PubMed] [Google Scholar] 83. Yeung C, Hazim B, Campbell D, Gooding J, Li SX, Tam HK, et al. Radiotherapy for patients with cardiovascular implantable electronic devices: an 11-year experience. J Interv Card Electrophysiol
2019;55:333-41. [DOI] [PubMed] [Google Scholar] 84. Sharifzadehgan A, Laurans M, Thuillot M, Huertas A, Baudinaud P, Narayanan K, et al. Radiotherapy in patients with a cardiac implantable electronic device. Am J Cardiol 2020;128:196-201. [DOI] [PubMed] [Google Scholar] 85. Grant ]JD, Jensen GL, Tang C, Pollard JM, Kry SF, Krishnan
S, et al. Radiotherapy-induced malfunction in contemporary cardiovascular implantable electronic devices: clinical incidence and predictors. JAMA Oncol 2015;1:624-32. [DOI] [PubMed] [Google Scholar] 86. Bjerre HL, Kronborg MB, Nielsen JC, Hayer M, Jensen MF, Zaremba T, et al. Risk of cardiac implantable electronic device malfunctioning
during pencil beam proton scanning in an in vitro setting. Int ] Radiat Oncol Biol Phys 2021;111:186-95. [DOI] [PubMed] [Google Scholar] 87. Miften M, Mihailidis D, Kry SF, Reft C, Esquivel C, Farr J, et al. Management of radiotherapy patients with implanted cardiac pacemakers and defibrillators: A report of the AAPM TG-203. Med Phys
2019;46:e757-e788. [DOI] [PubMed] [Google Scholar] 88. Bagur R, Chamula M, Brouillard E, Lavoie C, Nombela-Franco L, Julien AS, et al. Radiotherapy-induced cardiac implantable electronic device dysfunction in patients with cancer. Am J Cardiol 2017;119:284-9. [DOI] [PubMed] [Google Scholar] 89. Johnson MI, Paley CA, Howe TE, Sluka
KA. Transcutaneous electrical nerve stimulation for acute pain. Cochrane Database Syst Rev 2015;2015:CD006142. doi: 10.1002/14651858.CD006142.pub3 [DOI] [PMC free article] [PubMed] [Google Scholar] 90. Hurlow A, Bennett MI, Robb KA, Johnson MI, Simpson KH, Oxberry SG. Transcutaneous electric nerve stimulation (TENS) for cancer
pain in adults. Cochrane Database Syst Rev 2012;2012:CD006276. doi: 10.1002/14651858.CD006276.pub3 [DOI] [PMC free article] [PubMed] [Google Scholar] 91. Jauregui JJ, Cherian JJ, Gwam CU, Chughtai M, Mistry ]JB, Elmallah RK, et al. A meta-analysis of transcutaneous electrical nerve stimulation for chronic low back pain. Surg Technol
Int 2016;28:296-302. [PubMed] [Google Scholar] 92. Yang JD, Liao CD, Huang SW, Tam KW, Liou TH, Lee YH, et al. Effectiveness of electrical stimulation therapy in improving arm function after stroke: a systematic review and a meta-analysis of randomised controlled trials. Clin Rehabil 2019;33:1286-97. [DOI] [PubMed] [Google Scholar] 93.
Mahmoudi Z, Mohammadi R, Sadeghi T, Kalbasi G. The effects of electrical stimulation of lower extremity muscles on balance in stroke patients: a systematic review of literatures. J Stroke Cerebrovasc Dis 2021;30:105793. [DOI] [PubMed] [Google Scholar] 94. Jensen MP, Brownstone RM. Mechanisms of spinal cord stimulation for the treatment
of pain: still in the dark after 50 years. Eur J Pain 2019;23:652-9. [DOI] [PMC free article] [PubMed] [Google Scholar] 95. Carlson T, Andrell P, Ekre O, Edvardsson N, Holmgren C, Jacobsson F, et al. Interference of transcutaneous electrical nerve stimulation with permanent ventricular stimulation: a new clinical problem? Europace
2009;11:364-9. [DOI] [PubMed] [Google Scholar] 96. Shenoy A, Sharma A, Achamyeleh F. Inappropriate ICD discharge related to electrical muscle stimulation in chiropractic therapy: a case report. Cardiol Ther 2017;6:139-43. [DOI] [PMC free article] [PubMed] [Google Scholar] 97. Glotzer TV, Gordon M, Sparta M, Radoslovich G, Zimmerman
J. Electromagnetic interference from a muscle stimulation device causing discharge of an implantable cardioverter defibrillator: epicardial bipolar and endocardial bipolar sensing circuits are compared. Pacing Clin Electrophysiol 1998;21:1996-8. [DOI] [PubMed] [Google Scholar] 98. Siu CW, Tse HF, Lau CP. Inappropriate implantable cardioverter
defibrillator shock from a transcutaneous muscle stimulation device therapy. J Interv Card Electrophysiol 2005;13:73-5. [DOI] [PubMed] [Google Scholar] 99. Badger ], Taylor P, Swain I. The safety of electrical stimulation in patients with pacemakers and implantable cardioverter defibrillators: a systematic review. ] Rehabil Assist Technol Eng
2017;4:2055668317745498. doi: 10.1177/2055668317745498 [DOI] [PMC free article] [PubMed] [Google Scholar] 100. Crevenna R, Wolzt M, Fialka-Moser V, Keilani M, Nuhr M, Paternostro-Sluga T, et al. Long-term transcutaneous neuromuscular electrical stimulation in patients with bipolar sensing implantable cardioverter defibrillators: a
pilot safety study. Artif Organs 2004;28:99-102. [DOI] [PubMed] [Google Scholar] 101. Cenik F, Schoberwalter D, Keilani M, Maehr B, Wolzt M, Marhold M, et al. Neuromuscular electrical stimulation of the thighs in cardiac patients with implantable cardioverter defibrillators. Wien Klin Wochenschr 2016;128:802-8. [DOI] [PMC free article]
[PubMed] [Google Scholar] 102. Wayar L, Mont L, Silva RM, Alvarenga N, Fosch X, Castro ], et al. Electrical interference from an abdominal muscle stimulator unit on an implantable cardioverter defibrillator: report of two consecutive cases. Pacing Clin Electrophysiol 2003;26:1292-3. [DOI] [PubMed] [Google Scholar] 103. Pyatt JR, Trenbath
D, Chester M, Connelly DT. The simultaneous use of a biventricular implantable cardioverter defibrillator (ICD) and transcutaneous electrical nerve stimulation (TENS) unit: implications for device interaction. Europace 2003;5:91-3. [DOI] [PubMed] [Google Scholar] 104. Digby GC, Daubney ME, Baggs ], Campbell D, Simpson CS, Redfearn DP,
et al. Physiotherapy and cardiac rhythm devices: a review of the current scope of practice. Europace 2009;11:850-9. [DOI] [PubMed] [Google Scholar] 105. Patel ], DeFrancesch F, Smith C, Spine Intervention Society’s Patient Safety Committee . . Spinal cord stimulation patients with permanent pacemakers and defibrillators. Pain Med
2018;19:1693-4. [DOI] [PubMed] [Google Scholar] 106. Egger F, Hofer C, Hammerle FP, Lofler S, Nurnberg M, Fiedler L, et al. Influence of electrical stimulation therapy on permanent pacemaker function. Wien Klin Wochenschr 2019;131:313-20. [DOI] [PubMed] [Google Scholar] 107. Burri H, Piguet V. UninTENSional pacemaker interactions
with transcutaneous electrical nerve stimulation. Europace 2009;11:283-4. [DOI] [PubMed] [Google Scholar] 108. Kamiya K, Satoh A, Niwano S, Tanaka S, Miida K, Hamazaki N, et al. Safety of neuromuscular electrical stimulation in patients implanted with cardioverter defibrillators. J Electrocardiol 2016;49:99-101. [DOI] [PubMed] [Google
Scholar] 109. Holmgren C, Carlsson T, Mannheimer C, Edvardsson N. Risk of interference from transcutaneous electrical nerve stimulation on the sensing function of implantable defibrillators. Pacing Clin Electrophysiol 2008;31:151-8. [DOI] [PubMed] [Google Scholar] 110. Cheng A, Nazarian S, Spragg DD, Bilchick K, Tandri H, Mark L, et al.
Effects of surgical and endoscopic electrocautery on modern-day permanent pacemaker and implantable cardioverter-defibrillator systems. Pacing Clin Electrophysiol 2008;31:344-50. [DOI] [PubMed] [Google Scholar] 111. Baeg MK, Kim SW, Ko SH, Lee YB, Hwang S, Lee BW, et al. Endoscopic electrosurgery in patients with cardiac implantable
electronic devices. Clin Endosc 2016;49:176-81. [DOI] [PMC free article] [PubMed] [Google Scholar] 112. Samuels JM, Overbey DM, Wikiel K], Jones TS, Robinson TN, Jones EL. Electromagnetic interference on cardiac pacemakers and implantable cardioverter defibrillators during endoscopy as reported to the US Federal Drug Administration.
Surg Endosc 2021;35:3796-801. [DOI] [PubMed] [Google Scholar] 113. Apfelbaum JL, Schulman PM, Mahajan A, Connis RT, Agarkar M, Task ASA. Practice advisory for the perioperative management of patients with cardiac implantable electronic devices: pacemakers and implantable cardioverter-defibrillators 2020: an updated report by the
American Society of Anesthesiologists Task Force on Perioperative Management of Patients with Cardiac Implantable Electronic Devices (vol 132, pg 225, 2020). Anesthesiology 2020;132:938. [DOI] [PubMed] [Google Scholar] 114. Tabet R, Nassani N, Karam B, Shammaa Y, Akhrass P, Deeb L. Pooled analysis of the efficacy and safety of video
capsule endoscopy in patients with implantable cardiac devices. Can J Gastroenterol Hepatol 2019;2019:3953807. [DOI] [PMC free article] [PubMed] [Google Scholar] 115. Dolenc TJ, Barnes RD, Hayes DL, Rasmussen KG. Electroconvulsive therapy in patients with cardiac pacemakers and implantable cardioverter defibrillators. Pacing Clin
Electrophysiol 2004;27:1257-63. [DOI] [PubMed] [Google Scholar] 116. Anguera I, Galvez V, Sabaté X. Ventricular oversensing of an implantable cardioverter-defibrillator during electroconvulsive therapy. Europace 2012;14:1482. [DOI] [PubMed] [Google Scholar] 117. Streckenbach SC, Benedetto W], Fitzsimons MG. Implantable cardioverter-
defibrillator shock delivered during electroconvulsive therapy despite magnet application: a case report. A A Pract 2020;14:e01284. [DOI] [PubMed] [Google Scholar] 118. Vassolas G, Roth RA, Venditti FJ Jr. Effect of extracorporeal shock wave lithotripsy on implantable cardioverter defibrillator. Pacing Clin Electrophysiol 1993;16:1245-8. [DOI]
[PubMed] [Google Scholar] 119. Venditti FJ Jr, Martin D, Long AL, Roth RA. Renal extracorporeal shock wave lithotripsy performed in patient with implantable cardioverter defibrillator. Pacing Clin Electrophysiol 1991;14:1323-5. [DOI] [PubMed] [Google Scholar] 120. Platonov MA, Gillis AM, Kavanagh KM. Pacemakers, implantable
cardioverter/defibrillators, and extracorporeal shockwave lithotripsy: evidence-based guidelines for the modern era. ] Endourol 2008;22:243-7. [DOI] [PubMed] [Google Scholar] 121. Niu Y, Chen Y, Li W, Xie R, Deng X. Electromagnetic interference effect of dental equipment on cardiac implantable electrical devices: a systematic review. Pacing
Clin Electrophysiol 2020;43:1588-98. [DOI] [PubMed] [Google Scholar] 122. Seckler T, Stunder D, Schikowsky C, Joosten S, Zink MD, Kraus T, et al. Effect of lead position and orientation on electromagnetic interference in patients with bipolar cardiovascular implantable electronic devices. Europace 2017;19:319-28. [DOI] [PubMed] [Google
Scholar] 123. Indik JH, Gimbel JR, Abe H, Alkmim-Teixeira R, Birgersdotter-Green U, Clarke GD, et al. 2017 HRS expert consensus statement on magnetic resonance imaging and radiation exposure in patients with cardiovascular implantable electronic devices. Heart Rhythm 2017;14:€97-153. [DOI] [PubMed] [Google Scholar] 124. American
Society of Anesthesiologists . Practice advisory for the perioperative management of patients with cardiac implantable electronic devices: pacemakers and implantable cardioverter-defibrillators: an updated report by the American Society of Anesthesiologists Task Force on Perioperative Management of Patients with Cardiac Implantable Electronic
Devices. Anesthesiology 2011;114: 247-61. [DOI] [PubMed] [Google Scholar] 125. Burri H, Mondouagne Engkolo LP, Dayal N, Etemadi A, Makhlouf AM, Stettler C, et al. Low risk of electromagnetic interference between smartphones and contemporary implantable cardioverter defibrillators. Europace 2016;18:726-31. [DOI] [PubMed] [Google
Scholar] 126. Driller J, Barold SS, Parsonnet V. Normal and abnormal function of the pacemaker magnetic reed switch. J Electrocardiol 1976;9:283-92. [DOI] [PubMed] [Google Scholar] Articles from Europace are provided here courtesy of Oxford University Press So, the ECG trace suddenly looks different... how can you be sure the patient is safe?
Electrocardiography (ECG) is one of the 4 ANZCA standard monitors for general anaesthesia. It provides handy information about the electrical activity of the heart, including rate and rhythm. Interference is common during surgery. It can be caused by anything from movement of the drapes to surgical diathermy. It’s essential that you know how to
tell the difference between interference (known as artifact) and arrhythmias. Try this [J[] 1[J Check the pulse oximeter tracelf your ECG is all over the place, but you still have a normal pulse oximeter trace, it’s likely just artifact. 2[] Check the blood pressure A normal arterial line trace, or a current non-invasive blood pressure reading is also
reassuring. Don’t forget you can always check the patient’s radial pulse if you're not sure! 3[] Check the waveform of the end-tidal CO2An unchanged, regular, square waveform is a great indication that the cardiac output hasn’t changed significantly, so dangerous arrhythmias are unlikely. For more information, including real examples of artifacts

and arrhythmias, check out Lesson 3 of the Anaesthetic Assistant Starter Course. Build knowledge Improve safety Warning : Use the following information at your own risk. While accuracy is one my goals, there is always the possibility that some of the information could be wrong. There could be typos. I could also be severely mistaken in some of
my knowledge. This site is meant to help clarify certain concepts of ECG and at no point should any life-or-death decision be made based upon the information contained within. Remember, this is just some page on the internet. (If you do find errors, please notify me by feedback.) The word artifact is similar to artificial in the sense that it is often
used to indicate something that is not natural (i.e. man-made). In electrocardiography, an ECG artifact is used to indicate something that is not "heart-made." These include (but are not limited to) electrical interference by outside sources, electrical noise from elsewhere in the body, poor contact, and machine malfunction. Artifacts are extremely
common, and knowledge of them is necessary to prevent misinterpretation of a heart's rhythm. Pacing spikes These are seen in someone whose implanted pacemaker is firing. The sharp, thin spike seen in figure x-x is an electrical signal produced by an artificial pacemaker. The wide QRS complex that follows it represents the ventricles
depolarizing. We say that the "(artificial) pacemaker captures" when it is able to successfully depolarize its intended target. If a pacing spike is not followed by its intended response, we say that it has failed to capture. Figure 12-1 : Artificial pacemaker spikes The wide QRS suggests that the pacemaker was implanted in the ventricles. Reversed
leads / misplaced electrodes Electrode/lead placement is very important. If one were to accidentally confuse the red and white lead cables (i.e. place the white one where the red one should go, vice versa), he might get an ECG that looks like figure 12-2. In this ECG, we can make out a normal sinus rhythm with all of the waves upside-down. When
this happens, you are essentially viewing the rhythm in a completely different lead. One must also make sure that the lead wires are actually plugged into the machine. If your talkative patient shows asystole, you should suspect this. Many machines are "smart" in that they can sense common errors of this nature, but many such errors aren't always
readily apparent. Figure 12-2 : reversed leads AC interference Alternating current (AC) describes the type of electricity that we get from the wall. In the United States, the electricity "changes direction" 60 times per second (i.e. 60 hertz). (Many places in Europe use 50 Hz AC electricity.) When an ECG machine is poorly grounded or not equipped to
filter out this interference, you can get a thick looking ECG line (as shown in figure 12-3). If one were to look at this ECG line closely, he would see 60 up-and-down wave pattern in a given second (25 squares). Figure 12-3 : 60 Hz AC interference Muscle tremor / noise The heart is not the only thing in the body that produces measurable electricity.
When your skeletal muscles undergo tremors, the ECG is bombarded with seemingly random activity. The term noise does not refer to sound but rather to electrical interference. Low amplitude muscle tremor noise can mimic the baseline seen in atrial fibrillation. Muscle tremors are often a lot more subtle than that shown in figure 12-4. Figure 12-4
: Muscle tremors Wandering baseline In wandering baseline, the isoelectric line changes position. One possible cause is the cables moving during the reading. Patient movement, dirty lead wires/electrodes, loose electrodes, and a variety of other things can cause this as well. Figure 12-5 : Wandering baseline artifact Absolute heart block Absolute
heart block (or 4th degree heart block) results from over-exposure to imported-liquor advertisements in magazines. QRS complexes are wide and bottle-shaped and show no relationship with the P wave. It occurs very rarely, and even then, only in fictional settings. This should not be confused with the real arrhythmia complete heart block. Figure
12-6 : Absolute heart block Back to ECG tutorial ©2004 Mauvila.com
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