

[image: Cover of "Case reports in cardiac rhythmology 2024" edited by Matteo Anselmino and Alexander H. Maass. Published in Frontiers in Cardiovascular Medicine. Features a model heart in the background.]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-6919-1
DOI 10.3389/978-2-8325-6919-1

Generative AI statement

Any alternative text (Alt text) provided alongside figures in the articles in this ebook has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





Case reports in cardiac rhythmology: 2024

Topic editors

Matteo Anselmino – University of Turin, Italy

Alexander H. Maass – University Medical Center Groningen, Netherlands

Citation

Anselmino, M., Maass, A. H., eds. (2025). Case reports in cardiac rhythmology: 2024. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-6919-1





Table of Contents




Case report: Widely split P’ waves in a patient with focal atrial tachycardia

Hao Jiang, Zhongbao Ruan, Yin Ren and Xiangwei Ding

Case Report: Temporary pacing using active fixation lead and invasive electrophysiology studies for immune checkpoint inhibitor associated reversible advanced atrioventricular block

Yifan Wang, Min Qian, Xiaofeng Jin, Jiaqi Wang, Taibo Chen, Peng Gao, Zhongwei Cheng, Jinzhi Lai, Yongtai Liu, Jingbo Fan, Lihua Zhang, Kangan Cheng, Hua Deng, Quan Fang and Deyan Yang

Case Report: Enhancing lead extraction techniques: a novel approach using a loop formed by an ablation catheter and a gooseneck snare

Jun Li, Lei Wang, Xiaofang Li, Na Li, Xin Shao, Anxin Zhang, Yan Shu and Haixiong Wang

Left bundle branch pacing in third-degree atrioventricular block following morrow surgery: a case report

Keqiang Huang, Hongmei Gan, Jingjing Jiang and Cheng Tang

Case Report: Epi-endocardial bridges in refractory cavotricuspid isthmus-dependent atrial flutter: technical analysis of epi-endocardial breakthrough

Andrea Matteucci, Claudio Pandozi, Maurizio Russo, Marco Galeazzi, Enrico Lombardi, Marco Valerio Mariani, Carlo Lavalle and Furio Colivicchi

Case Report: Extraction of a stylet-driven lead for left bundle branch area pacing >2 years after implantation

Ivana Grgic Romic, Ana Lanca Bastiancic, David Zidan, Mate Mavric and Sandro Brusich

Cardioneuroablation eliminating cardiac asystole associated with area postrema syndrome: a case report and literature review

EnRun Wang, YuanJing Li, Gang Yu, Gang Liu, Jiang Deng, YanFei Wang, Wei Yang, GuoDong Chen, Dennis W. Zhu and FengPeng Jia

Managing supraventricular tachyarrhythmia in pregnant patients within the emergency department

Di Pan, Zhongqing Chen and Haibo Chen

Left atrial appendage occlusion and radiofrequency ablation in a patient with atrial fibrillation and dextrocardia: a case report

Zengfu Zhang, Xiaohong Fu, Min Guo, Jia Gao and Rui Wang

Case Report: A minimally disruptive technique for the management of frozen leads

Su-Huan Chang, Kuan-You Lin and Chih-Chieh Yu












	
	TYPE Case Report

PUBLISHED 11 January 2024
DOI 10.3389/fcvm.2023.1303200






[image: image2]

Case report: Widely split P' waves in a patient with focal atrial tachycardia

Hao Jiang, Zhongbao Ruan, Yin Ren and Xiangwei Ding*

Department of Cardiology, The Affiliated Taizhou People’s Hospital of Nanjing Medical University, Taizhou School of Clinical Medicine, Nanjing Medical University, Taizhou, China

EDITED BY
Masateru Takigawa, Tokyo Medical and Dental University, Japan

REVIEWED BY
Emanuela Teresina Locati, IRCCS San Donato Polyclinic, Italy
Yosuke Nakatani, Gunma University, Japan

*CORRESPONDENCE Xiangwei Ding dingxw1208@126.com

RECEIVED 27 September 2023
ACCEPTED 22 December 2023
PUBLISHED 11 January 2024

CITATION Jiang H, Ruan Z, Ren Y and Ding X (2024) Case report: Widely split P' waves in a patient with focal atrial tachycardia.
Front. Cardiovasc. Med. 10:1303200.
doi: 10.3389/fcvm.2023.1303200

COPYRIGHT © 2024 Jiang, Ruan, Ren and Ding. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Widely split P waves in sinus rhythm have been reported previously. However, widely split P' waves in focal atrial tachycardia (AT) on a surface electrocardiogram (ECG) have rarely been reported. The electrophysiological mechanism is relatively difficult to clarify, requiring a electrophysiological study.



Case summary: A 67-year-old patient, who had undergone two radiofrequency ablations for atrial fibrillation, presented with recurrent palpitation. During the palpitation episode, the 12-lead ECG showed AT with a 3:1 atrioventricular conduction rate. P' waves were markedly prolonged in duration and widely split in morphology. An electrophysiological study showed that the tachycardia arose from the left atrial appendage (LAA) and was conducted through two distinct pathways. The impulse of one pathway was transmitted solely via the superior part of the atrium, including the Bachmann bundle. The second pathway was conducted via the coronary sinus and transmitted the impulse from the LAA to the ventricle. After the site showed that the earliest activation was ablated, repeated intravenous infusion of isoprenaline and programmed atrial stimulation did not induce tachycardia.



Conclusion: Widely split P' waves in AT indicate intra- and interatrial conduction blocks, which can be easily overlooked due to the presence of low-voltage areas. Therefore, an electrophysiological study is crucial for identifying the origin of the tachycardia and elucidating the mechanistic details.
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1 Introduction

The P wave represents depolarization propagation in the left and right atria. Electrophysiological abnormalities, including disturbed activation and conduction, illustrate various P wave morphologies, among which a prolonged P wave is common (1). Rarely, an extremely prolonged P wave can take on the morphology of widely split P waves, indicating delayed conduction between the two atria, including the Bachmann bundle zone. Previously, widely split P waves have been reported in sinus rhythm (2, 3). Nevertheless, no report about the splitting of P' waves in atrial arrhythmia has been published to date.

In this study, we report a case of wide splitting of P' waves in a patient with focal atrial tachycardia (AT) and clarify the details of the electrical mechanism.



2 Case presentation

A 67-year-old woman presented with recurrent palpitation, which had initially emerged 2 years earlier. The patient had previously undergone two radiofrequency ablations for atrial fibrillation. Other than pulmonary vein isolation, line ablations were performed in the anterior wall of the left atrium, mitral isthmus, and cavotricuspid isthmus. A transthoracic echocardiogram demonstrated no enlargement of the atria and a left ventricular ejection fraction of 77%. The 12-lead electrocardiogram (ECG) recorded during a palpitation episode showed AT with a 3:1 atrioventricular conduction rate. P' waves were prolonged in duration (ca. 220 ms) and were widely split in morphology (P'1 wave morphology was biphasic and P'2 wave morphology was positive in the inferior leads; the P'2 wave almost merged with the QRS complex) (Figure 1).


[image: Electrocardiogram split into two panels. Panel A shows a standard 12-lead ECG with highlighted areas indicating multiple P waves and noted heart rates. Panel B displays intracardiac electrograms from various sites with distinct waveforms, showing detailed cardiac electrical activity. Both panels are used to analyze heart rhythms and electrical conduction.]
FIGURE 1
(A) A 12-lead ECG with atrial tachycardia and widely split P' waves. P'1 morphology was biphasic, and P'2 morphology was positive in the inferior leads. The P'2 wave almost merged with the QRS complex. (B) An intracardiac ECG during atrial tachycardia. The earliest atrial activation was at CS1-2. CS, coronary sinus; ECG, electrocardiogram.


Then, an electrophysiological study was performed. The intracardiac ECG showed that the earliest atrial activation developed in the distal coronary sinus (CS), indicating that focal AT originated from the left atrium (Figure 1). Voltage mapping demonstrated a wide distribution of low-voltage areas in the left atrium, suggesting slow conduction between the left and the right atria, including the Bachmann bundle zone (Figure 2). The propagation map during atrial tachycardia (Supplementary Video S1) indicated that focal AT arose from the left atrial appendage (LAA). The left atrial anterior line was blocked (Figure 2).
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FIGURE 2
(A) Voltage mapping of the left and right atria. A low-voltage area was defined as contiguous areas of bipolar voltage <0.5 mV. Purple represents areas with relatively normal voltages, and the other colors represent low-voltage areas. (B) An electrophysiological mapping of the left atrium with atrial tachycardia. The white star represents the earliest activation point in the LAA. The white arrows represent the direction of atrial activation. LAA, left atrial appendage.


The tachycardia originated from the LAA, as confirmed by the mapping (Figure 3). Ablation was applied at the site of earliest activation, with power limited to 30 W and a temperature below 55°C. Following the gradual prolongation of the tachycardia cycle length, atrial tachycardia was terminated. Repeated intravenous infusion of isoprenaline and programmed atrial stimulation did not induce AT.
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FIGURE 3
An intracardiac ECG shows the earliest activation. The yellow dotted line and blue ball represent the earliest activation.


After ablation, the palpitation episode did not recur. The ECG recorded after the procedure showed a P wave in sinus rhythm, while the widely split P waves appeared to be absent (Supplementary Figure S1). Considering the presence of intra- and interatrial delayed conduction, it was possible that the left atrial P wave may have merged with the QRS complex.



3 Discussion

In this study, we illustrated the detailed mechanism underlying widely split P' waves in a patient with focal AT (Figure 4). The tachycardia arose from the LAA and was conducted through two distinct pathways. The impulse of one pathway was transmitted solely via the superior part of the atrium, including the Bachmann bundle, owing to a block in the anterior line. The conduction appeared to be relatively slow, which was associated with wide low-voltage areas. The second pathway was conducted via the CS, transmitting the impulse from the LAA to the ventricle. Consequently, the CS1-2 electrodes were activated earlier than the CS9-10 electrodes. Due to previous ablation in the mitral isthmus (not completely blocked), the impulse from the LAA was conducted very slowly through the mitral isthmus to CS1-2. Notably, activation through the CS was blocked in the cavotricuspid isthmus and was disrupted by the low-voltage area in the interatrial septum, leading to the right atrium mainly activated by the impulse via the Bachmann bundle (although the conduction of the Bachmann bundle was very slow), resulting in a positive P'2 wave in the inferior leads. The aforementioned observations may explain the widely split P' waves in the surface ECG.
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FIGURE 4
The detailed mechanism underlying the tachycardia. The focal atrial tachycardia originated from the LAA and was conducted through two distinct pathways. LAO, left anterior oblique; CS, coronary sinus; LAA, left atrial appendage; RAA, right atrial appendage; MV, mitral valve; TV, tricuspid valve; SVC, superior vena cava; IVC, inferior vena cava; LUPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein. The green solid lines represent the conduction block line. The green dashed line represents the failure of conduction in the completely blocked line.


In lead II of the surface ECG, the P'1 wave was biphasic with a dominant negative component. The amplitude of the positive component was reasonably low, likely due to a wide range of atrial scars in the anterior, roof, and posterior walls. The negative component of the P'1 wave was attributed to activation of the left atrial bottom wall and the right atrial septum. The activation of CS5-6 might indicate the electrical activity of the left atrial bottom, and CS9-10 might indicate the onset of activation of the right atrial septum. As shown in Supplementary Figure S2, the time interval from CS5-6 to the onset of the P'2 wave in the surface ECG was 125 ms, and the time interval from CS9-10 to the onset of the P'2 wave in the surface ECG was 109 ms. The activation of CS5-6 and C9-10 occurred within the duration of the negative component of the P'1 wave in the surface ECG. Therefore, activating the left atrial bottom wall and the right atrial septum contributes to P'1 wave formation.

Focal AT is a relatively rare arrhythmia, accounting for approximately 10% of all supraventricular tachycardias (4). However, the LAA is an uncommon site of AT origin, accounting for 2.1% of all focal AT cases (5). Identifying its mechanism by surface ECG is difficult. Hence, an electrophysiological study is important to elucidate its origin. The electrophysiological features of focal AT arising from the LAA have been described, including an upright or biphasic P' wave in lead V1 and a negative P' wave in lead aVL (6). However, these typical P' wave morphologies were not observed in the case of our patient. This discrepancy might be attributed to aberrant atrial tachycardia conduction, possibly due to biatrial block. In addition, the P'1 wave was mainly negative in the inferior leads, suggesting a reduced presence of low-voltage zones in the bottom part as compared to the anterior part of the left atrium.

The P wave's morphology, amplitude, and duration reflect atrial activities. Analyzing the P wave in the surface 12-lead ECG provides insights into the anatomical structure and electrophysiological activity of the atrium. For example, the voltage of lead V1 is indicative of atrial activity. A higher voltage in lead V1 is associated with a more organized atrium, indicating a higher degree of atrial activation. Atrial arrhythmias with V1 voltages below 0.11 mV are correlated with a broader range of atrial scars, highlighting the anisotropy of conduction and notable atrial remodeling (7). In the case of our patient, the amplitude of the P'1 wave in lead V1 was fairly low during the surface ECG, indicating atrial remodeling and conduction block. This prediction was validated through voltage mapping, which revealed a wide range of low-voltage areas.

Recently, emerging digital tools for novel P wave analysis in surface ECGs, such as the tempospatial localization of atrial activity, have provided accurate insights into atrial activity. Locati et al. introduced CineECG, a tool that describes the anatomical and electrical structure of atrial activity using data from electrocardiograms and vectorcardiograms. CineECG is a valuable tool for quantifying the tempospatial localization of atrial activity. It vividly displays the formation and propagation of atrial activity digitally, relating the electrical pathway to cardiac anatomy (8). However, only normal atrial P waves were analyzed in that study. In our patient, the AT originated from a rare site and showed an unusually complex wavefront, including a highly interatrial conduction block, as validated by intracardiac ECG. A further study of novel P wave analyses in a rarely complex surface ECG is needed to gain more insights into atrial activity.

The wide splitting of P' waves could potentially be iatrogenic. Previously, line ablations had been performed in the anterior wall of the left atrium, the mitral isthmus, and cavotricuspid isthmus, altering the atrial conduction, which resulted in widely split P' waves. Previously, cases of proven iatrogenic widely split P' waves have been reported (9, 10). In our patient, split P' waves arose from a rare site of AT and the P'1 wave was easily overlooked due to the presence of low-voltage areas in the left atrium.

Our study had several limitations. First, no propagation mapping was done in the right atrium. An activation map of the right atrium during tachycardia episodes could provide a clearer understanding of its underlying mechanism. Regrettably, propagation mapping of the right atrium was not performed. We noticed this omission immediately following tachycardia termination. Therefore, we used an intravenous infusion of isoprenaline and programmed atrial stimulation. Unfortunately, the tachycardia could not be induced. We then conducted a detailed voltage mapping of the right atrium. The results revealed a scar zone in the cavotricuspid isthmus, due to previous ablation. A wide range of low-voltage areas was found in the right atrial septum. The roof and lateral walls appeared relatively healthy (Figure 2A). The P'2 wave was also positive in the inferior leads. Therefore, we speculated on the formation mechanism of the P'2 wave (see Figure 4). Based on the voltage mapping of the right atrium, the conduction time in the right atrial lateral wall was expected to be short due to normal voltage. In contrast, the conduction velocity in the septum of the right atrium should be slow due to the extensive distribution of the low-voltage zone. Unfortunately, the lack of a detailed right atrial propagation mapping made it challenging to accurately measure the activation time of the septal and lateral walls in the right atrium. However, the time interval from CS9-10 to the onset of the P'2 wave in the surface ECG was measured during tachycardia episodes (ca. 109 ms), as shown in Supplementary Figure S2. The activation of CS9-10 might represent the onset time of the right atrial septum, whereas the P'2 wave represents the activation of the roof and lateral walls of the right atrium. This time interval was relatively long, potentially reflecting just a part of the right atrial septum conduction time. The duration of the P'2 wave was merely 80 ms, partly showing the high velocity of conduction in the roof and lateral right atrium. Second, we did not perform entrainment pacing. Our patient had previously undergone anterior line ablation. Based on left atrial propagation mapping, perimitral flutter using a Bachmann bundle epicardial bypass could not be excluded entirely. Since “interface” connections are usually broad, a poor termination rate is observed with a progressive shift of the endocardial emergence as the patchy lesion expands (11). In our patient, centrifugal propagation was identified, and subsequent ablation just at the site of earliest activation could terminate the tachycardia. Therefore, the underlying mechanism of centrifugal propagation was most likely focal AT in our patient. However, entrainment pacing at an area opposite the breakthrough site indeed helps rule out macro-reentrant AT. Therefore, entrainment pacing will be performed when we encounter similar cases in the future.



4 Conclusion

Widely split P' waves in AT indicate intra- and interatrial conduction blocks, which are easily overlooked due to low-voltage areas. This report illustrates that an electrophysiological study is crucial for finding the origin of the tachycardia and identifying the details of the underlying mechanism.
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A case of immune checkpoint inhibitors (ICIs)-associated myocarditis with reversible advanced atrioventricular block (AVB) was reported. We innovatively used active fixation lead connected to an external device for prolonged temporary pacing until atrioventricular conduction recovered. Invasive electrophysiology studies were performed to evaluate atrioventricular conduction in detail. Long-term follow-up for nearly 120-days and repeated long-term electrocardiography was conducted to ensure the conduction system was truly recovered.
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1 Introduction

The use of immune checkpoint inhibitors (ICIs) greatly improves the clinical outcomes of patients with cancer. However, the application of ICIs may lead to immune-related adverse events (irAEs). Myocarditis is the most commonly considered cardiovascular irAEs. Previous studies have reviewed different databases and found the incidence of ICIs-associated myocarditis is up to 1% and the fatality is over 50% (1). Complete heart block developed in 17.0% of ICIs-associated myocarditis and was related to higher all-cause mortality (2).

Permanent pacing is indicated in patients with complete atrioventricular block (AVB) or advanced AVB (3). Several previous cases have reported the possibility to recover from ICIs-associated complete AVB, and the duration from heart block onset to recovery was highly various from days to months (4–7). On one hand, temporary transvenous passive pacing lead is unstable and might cause procedure-related complications such as electrode displacement, thrombotic events and immobilization when left in place for long duration (8–10). On the other hand, permanent pacemaker should not be implanted in patient with reversible heart block.

A percutaneous transvenous active fixation lead connected to an external device is safe and comfortable for patients requiring prolonged temporary pacing and has been used as bridging therapy in patients who have underwent cardiac implantable electronic device (CIED) extraction for infection and require prolonged antibiotic treatment (3, 11). The role of pacing with percutaneous transvenous active fixation lead has not been fully studied in ICIs-associated heart block.

We reported a case of ICIs-associated myocarditis complicated with advanced AVB. Considering the possibility of AVB recovery, an externalized active fixation temporary pacing lead was placed and invasive electrophysiology study (EPS) was performed. After 3 months, long-term electrocardiography (ECG) monitoring confirmed the recovery of advanced AVB and the active fixation lead and the externalized pacemaker was removed. The patient was stable during follow-up.



2 Case description

A 60-year-old man with hypertension and no previous cardiac disease presented to our emergency department with shortness of breath, myalgias of limbs for 5 days and diplopia for 2 days. He had a 5-year history of poorly to moderately-differentiated adenocarcinoma of left lung and developed brain metastases. He underwent pulmonary lobectomy. Although receiving standard chemotherapy, targeted therapy and radiotherapy, he had intracranial progression for brain metastases.

One cycle of pembrolizumab (200 mg) combined with axitinib and anlotinib were administered. His baseline ECG before pembrolizumab initiation showed a normal sinus rhythm without bundle branch block and atrioventricular block. Fifteen days after receiving his first infusion of pembrolizumab, the patient experienced shortness of breath during exertion and myalgias of limbs and fatigue. His symptoms deteriorated and began to have diplopia 3 days later. His ECG in local hospital showed sinus tachycardias with new onset first-degree AVB and complete right bundle branch block (CRBBB). No specific treatment was given and his symptoms aggravated. He was transferred to our emergency department (ED).

On initial evaluation, his heart rate (HR) was 130 beats/min with blood pressure of 129/90 mmHg, SpO2 was 96% at room air and respiratory rate was 16 breaths/min. Physical examination revealed blepharoptosis and decreased muscle strength of the extremities. Cardiac auscultation revealed normal heart sound without murmurs. Levels of high-sensitive C-reactive protein (hsCRP), serum high-sensitive cardiac troponin I (hscTnI), creatine kinase (CK), and creatinine kinase-myocardial band (CK-MB) were 66 mg/L, 39,778 ng/L, 18,325 U/L and 163.6 ug/L, respectively. N-terminal pro-B-type natriuretic peptide (NT-proBNP) was 2,293 pg/ml.

His initial ECG in ED showed ventricular tachycardia with heart rate at 130 beats/min (Figure 1A). During his stay in ED, syncope occurred recurrently. Rhythm monitoring and repeat ECG showed advanced AVB with ventricular escape and the HR was 20–50 beats/min during syncope (Figure 1B).


[image: Two side-by-side electrocardiograms display heart rhythms. Panel A shows an ECG with rapid, irregular patterns indicative of possible tachycardia or arrhythmia. Panel B presents a more regular pattern, suggesting normal sinus rhythm. Both charts display standard lead labels.]
FIGURE 1
(A) Ventricular tachycardia. (B) Advanced AVB.


Because the administration of atropine and intravenous isoproterenol did not stabilize his heart rate, a temporary pacing lead was emergently placed via right femoral vein. The patient was then stable and transthoracic echocardiogram (TTE) was performed which showed a normal left ventricular systolic function (left ventricular ejection fraction of 66%) without regional wall motion abnormality.

According to his medical history, symptoms and laboratory results, ICIs-associated myositis complicated with advanced AV block and heart failure with preserved ejection fraction (HFpEF) were diagnosed. Giving the presence of hemodynamic instability, high intensity treatment of intravenous methylprednisolone of 1 g/day (Then, sequential 80 mg/day intravenous methylprednisolone was given for 7 days, 40 mg/days intravenous methylprednisolone for 2 weeks. After that, corticosteroids were taken orally and gradually tapered from 36 mg/days by 4 mg/week lasting 2 months.) and intravenous immunoglobulin (IVIG) of 20 g/day were given for 3 days. Because no significant improvement had been seen after pulse corticosteroid dosing within 24 h, tocilizumab injection of 640 mg was used for 1 day following the recommendation of guidelines (12, 13). Furosemide was given for diuresis.

After 3 days of medical therapy, advanced AVB did not recovered and an active fixation lead (Medtronic 5076-58) connected with an externalized generator (Medtronic Adapta ADSR01) was placed via right internal jugular vein for temporary pacing for the possibility of AVB recovery. The lower rate was set at 80 beats/min to inhibit ventricular tachycardia. Muscle biopsy was performed and showed infiltration of CD4+, CD20+ and CD68+ cells in necrosis areas with up-regulation of major histocompatibility complex antigens (MHC) class I in myolemma which indicated an immune-induced myositis (Figure 2). Given the risk of pacing lead displacement during the procedure, endomyocardial biopsy was not performed.


[image: Panel A shows muscle tissue stained pink and purple, highlighting cell clusters. Panels B, C, and D display similar tissue with golden-brown staining. White arrows indicate specific areas of interest in each panel, suggesting highlighting of certain structural details.]
FIGURE 2
(A) Hematoxylin-eosin staining: infiltration of mononuclear cells between myocytes. (B) Immunohistochemical staining of CD4: white arrow. (C) Immunohistochemical staining of CD68: white arrow. (D) Immunohistochemical staining of CD20: white arrow.


After 3 weeks of medical therapy, the patient's symptoms improved significantly and no syncope occurred. Myocardial enzymes continuously decreased to 714 ng/L, 1,009 U/L and 133.1 ug/L for hscTnI, CK and CK-MB respectively. NT-proBNP decreased to 1,770 pg/ml. Repeat ECG and 24 h-holter showed AVB improved from advanced AVB to second-degree type I AVB (Figure 3A) 1 month after implantation of the active fixation lead and externalized generator. Invasive EPS was conducted to demonstrated the conductive abilities. During EPS, a coronary sinus catheter was placed via femoral vein to record atrial potential and a His bundle catheter was placed to record atrial potential, His potential and right ventricular potential. EPS at baseline showed a surface ECG rhythm of second-degree type I AVB with sinus rhythm and 3:2 AV conduction and AH interval was prolonged from 106 ms to 172 ms with a consistent HV interval of 81 ms (Figures 3B,C). During RA pacing at a cycle length of 600 ms, AH interval was prolonged from 141 ms to 169 ms with an unchanged HV interval of 85 ms (Figures 3D,E). The results of EPS demonstrated the heart block of supra-Hisian origin. The patient was discharged home and received periodic follow-up in outpatient department.


[image: Panel A shows a twelve-lead electrocardiogram tracing displaying heart rhythms. Panels B to E present electrophysiological recordings with labeled intervals and measurements in yellow. Panel F shows another electrocardiogram with different rhythm patterns.]
FIGURE 3
(A) Second-degree type I AVB (B) and (C) EPS at baseline. A, atrial potential; CS, coronary sinus; H, his bundle potential; RV, right ventricle; V, ventricular potential (D) and (E) EPS during RA pacing. A, atrial potential; CS, coronary sinus; H, his bundle potential; RV, right ventricle; V, ventricular potential. (F) First-degree AVB and CRBBB.


Another 5 weeks later, the corticosteroids were stopped and 7-days ECG monitoring showed that average HR was 80 beats/min and maximum HR was 154 beats/min at daytime with 1:1 atrioventricular conduction. Second-degree type I AVB and 2:1 AVB also occurred during sleep. The patient was hospitalized again preparing to remove of pacemaker. The interrogation of the pacemaker confirmed the proportion of ventricular pacing for the last month was only 0.5% and pacing threshold (0.625 mV with pulse width at 0.4 ms), ventricular sensing (15.68 mV–22.40 mV) and the lead impedance (568 Ω) were all within normal range. The active fixation lead and externalized generator were then removed 98 days after the first advanced AVB occurrence.

During follow-up and close observation in outpatient for the next 3 weeks, when shortness of breath, myalgias of limbs and diplopia recovered completely, a repeat ECG revealed HR was 94 beats/min and first-degree AVB (PR interval of 234 ms) and CRBBB (Figure 3F). Computed tomography angiography demonstrated moderate narrowing of the left anterior descending coronary artery (LAD). Cardiac MRI was normal without late gadolinium enhancement. A repeat 7-days ECG monitoring still indicated second-degree type I AVB and 2:1 AVB during sleep.



3 Discussion

ICIs-associated myocarditis is uncommon and usually severe even fatal especially complicated with AVB. Seventeen percent of ICIs-associated myocarditis complicated with complete heart block in one retrospective study (2). Those patients were more likely to experience all-cause mortality within 30 days of admission (48% vs. 22%) (2). Here, we presented an ICIs-associated myocarditis case with advanced AVB causing recurrent syncope and externalized active fixation lead temporary pacing, instead of permanent pacemaker, was used until AVB restored to second-degree type I AVB which was confirmed by invasive EPS.

Exact mechanisms of conduction disease caused by ICIs is unclear. T cells, antibody and cytokine responses may play a role (14). Reversibility of the conduction abnormality has been reported in previous cases (4). After treatment, the time needed for conduction system to recover varied from 2 days to 2 months. Timely treatment, especially use of corticosteroids may contribute to better clinical outcomes. This may because corticosteroids can suppress lymphocyte activity and inhibit cytokine synthesis (6), thus controlling inflammation of myocardia.

Current guidelines recommended pacing therapy for serious AVB (3, 13).One pooled analysis showed that timely pacemaker implantation is associated with better prognosis in patients with ICIs-related complete AVB (6). Since the uncertainty of the recovery of ICIs-associated conduction abnormalities and the great variability of recovery time, AVB might take several months to restore, so externalized active fixation lead temporary pacing is worth trying. In our case, the patient showed a partially recovery of the cardiac conduction system after 1 month of treatment, implantation of a permanent pacemaker was thus avoided. After the removal of pacemaker, the patient was in good status without syncope.

Invasive EPS was reported in one case to reveal conduction system dysfunction after cemiplimab therapy (15). In that patient, EPS at baseline demonstrated a surface ECG rhythm of high-grade AV block with sinus rhythm with 3:1 to 2:1 AV block with a PR interval and RR interval of 302 ms and 1,350 ms, respectively. AH interval was 108  ms and HV interval was up to 219 ms with 2:1 AV block of infra-hisian nature. The EPS results demonstrated intermittent complete heart block of infra-hisian origin, so permanent pacemaker was implanted. Different from the previous case, EPS of our patient showed a gradually prolongation of AH interval with consistent HV interval demonstrating a supra-hisian block, which may be an indicator for the further recovery of ICIs-associated AV block.

In conclusion, our case emphasizes that advanced AVB due to ICI-associated myocarditis might restore and externalized active fixation lead for prolonged temporary pacing was a reasonable bridging therapy before the implantation of permanent pacemaker. Further studies are warrant to further verified the role of externalized active fixation lead temporary pacing and prognostic values of invasive EPS in treating ICIs-associated conduction abnormalities.
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Case Report: Enhancing lead extraction techniques: a novel approach using a loop formed by an ablation catheter and a gooseneck snare
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The difficulty and complexity of lead extraction procedures increase with the age of the lead to be extracted. The extraction of old (>20 years) leads is more time-consuming and requires advanced tools and a complex technique. In this case, we retrieved a very old (>30 years) lead using a loop formed by a catheter and a gooseneck snare. The catheter was rotated to remove the lead-bound sites. The lead was successfully retrieved using a Needle's Eye Snare.
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1 Introduction

Although several techniques have been developed, successful pacemaker lead extraction is still not achieved in approximately 2.6% of cases (1); most of these cases ultimately require surgical intervention. Therefore, it is crucial to develop more effective extraction techniques. We present a novel technique that employs a loop formed by a catheter and snare to facilitate lead removal.



2 Case description

A 53-year-old female with a history of symptomatic complete atrioventricular block formerly treated with permanent pacemaker implantation was admitted for the management of an eroded and infected pacemaker pocket. The initial single-chamber pacemaker implantation was performed in the right side of the chest in 1992. The functioning of the pacemaker was reviewed in 2017; new atrial and ventricular leads and a new dual-chamber pacemaker generator were implanted. The initial ventricular lead was defective but was abandoned and left in position. Notably, the pacemaker eroded through the skin, with evidence of purulent discharge in August 2022. She was afebrile and on antibiotics; no fever was documented before presenting at the hospital. The right anterior chest shows thinning and necrosis of the tissue at the inferior margin of the pacemaker. There was hemorrhagic tissue with mild erythema and discharge but no noticeable odor (Figure 1A). The laboratory profile revealed a leukocyte count of 11.58 per mm3 (3.50–9.50 per mm3), an NT-proBNP concentration of 3,451 ng/L (0–125 ng/L), and a CRP concentration of 63.7 mg/L (0.0–8.0 mg/L), and multiple blood cultures were negative but the wound secretion culture revealed Staphylococcus aureus after 72 h. Echocardiography was used to identify the right ventricular leads, and no significant vegetation was observed on the valve or lead. The procedure was performed under deep sedation with midazolam and propofol in an electrophysiology laboratory with continuous arterial blood pressure and oxygen saturation monitoring. In cases of pacemaker dependence, temporary pacing was performed via the left femoral vein.


[image: A: A close-up of a patient's skin with a bandaged wound showing signs of healing surrounded by discoloration. B: Medical imaging showing a goose neck snare, TPM, lead, and ablation catheter inside the body. C: Similar medical imaging highlighting the TPM, lead, ablation catheter, and goose neck snare. D: Imaging showing a Needle's Eye retrieval tool, TPM, and lead. E: Imaging with a Needle's Eye retrieval tool, TPM, and lead. F: Medical equipment laid out on a white quilted surface.]
FIGURE 1
Illustration of the procedure. (A) A pacemaker that has eroded through the skin. (B–F) Serial fluoroscopic images (right anterior oblique) showing (B) the retrieval of the lead with a loop formed by a catheter and gooseneck snare, (C) rotation of the catheter, (D) removal of the lead-bound sites and preservation of the slackness of the lead, (E) retrieval of the lead using a Needle's Eye Snare, and (F) calcified fibrotic adhesions on the extracted lead. TPM, temporary pacemaker.


After removing the generator and exposing the lead, a stylet was placed in the atrial lead, the screw was retracted, and the lead was removed with gentle traction. A stylet was placed into the screw-in ventricular lead; the screw was retracted, and the lead was extracted into the subclavian vein with sustained traction. Densely calcified adhesions around the remaining passive-fixation ventricular lead were observed by transesophageal echocardiography at a local hospital, which cannot be dissolved with laser techniques. After discussion, it was decided that a mechanical approach should be performed in this patient. Subsequently, the lead was sized with a locking stylet, and a 9-french EvolutionRLTM (Cook Vascular Inc., USA) was used to clear the entry point of the lead into the subclavian vein beneath the clavicle; however, this was not achieved. Next, a 16-french sheath workstation was placed via the right femoral vein, and a Needle's Eye Snare (Cook Medical) was used to retrieve the lead; nevertheless, subsequent attempts to retrieve the lead were unsuccessful. During the procedure, an intermittent pacemaker malfunction occurred; therefore, a new 5076-58 lead (Medtronic, USA) was screwed into the myocardium via the left subclavian vein for stable cardiac stimulation. After lead implantation, fibrosis and binding sites can develop between the leads, vessels, and heart (2).

The inflammatory process continued after implantation, leading to extensive fibrosis, calcification, and ossification of interface segments between the vein and lead (3). Several attempts were made to retrieve the lead using the loop formed by a wire and snare, but these failed. Given the good maneuverability of the catheter [Biosense Webster ThermoCool SmartTouch(ST)], we successfully retrieved the lead using a loop made up of a catheter and a 5-F loop snare catheter (Shanghai Shape Memory Alloy, Shanghai, China) (Figure 1B). Rotation of the catheter enabled the removal of the lead-bound sites (Figures 1C, D). Finally, the Needle's Eye Snare was used to retrieve and extract the lead (Figures 1E, F). The operation time was 150 min and the fluoroscopy time was 46 min.

Ventricular ectopy or coagulum formation was not observed, and the procedure was well-tolerated. Subsequently, a leadless pacemaker (MicraTM AV-TPS, Medtronic Inc., Fridley, MN, USA) was placed in the right ventricle 1 week later to reduce the risk of pocket- and lead-related complications after the completion of antibiotic therapy, and multiple blood cultures were negative. The patient remained afebrile with no further symptoms or signs of infection and all device parameters remained stable during follow-up.



3 Discussion

Transvenous lead extraction (TLE) is a vital procedure for patients with cardiac implantable electronic devices (4). Using advanced instruments, the extraction of very old leads can be effectively and safely accomplished (5); even same-day discharge can be achieved for uncomplicated cases (6). Radiofrequency (RF) energy delivered with a steerable ablation catheter to facilitate lead removal has been reported in several cases (7, 8). However, using an ablation catheter to form a loop to remove lead-bound sites has not yet been reported. Given the need for successful lead extraction in the presence of an infection and the relative failure rates of percutaneous extraction with current techniques, it is crucial to improve the technical approach and develop new technologies to facilitate extraction. Our case provides a potential strategy (Figure 2); however, this technique should be used cautiously, and its inherent risks (tamponade, valve damage, etc.) must be understood.


[image: Diagram showing three stages of a cardiac procedure. Panel A illustrates a lead and ablation catheter in the heart with a goose neck snare. Panel B shows the ablation catheter repositioned, still using the goose neck snare. Panel C displays the lead positioned without the snare, indicating a completed procedure.]
FIGURE 2
Lead extraction process. (A) A loop is formed using a catheter and gooseneck snare. (B) Catheter rotation induces the removal of the adhesions around the leads. (C) Sufficient local slack was achieved for complete lead removal using a Needle's Eye Snare.
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Left bundle branch pacing (LBBP) has proven to be an alternative method for delivering physiological pacing to achieve electrical synchrony of the left ventricle (LV), especially in patients with atrioventricular block and left bundle branch block (LBBB). However, it is unclear whether it still achieved in patients whose left bundle branch (LBB) has had surgery-induced damage. The Morrow operation (Morrow septal myectomy) is regarded as one of the most effective treatments for hypertrophic obstructive cardiomyopathy (HOCM). The surgery resects small sections of muscle tissue in the proximal ventricular septum nearby or contains the LBB, which means that physical damage to the LBB is almost inevitable. Approximately 2%–12% of patients may need pacemaker implanted after Morrow surgery. LBBP is a feasible and effective method for achieving electric resynchronization of LBBB compared to right ventricular pacing (RVB). Nevertheless, there is a dearth of data on LBBP in third-degree atrioventricular block (AVB) following Morrow surgery. We report a case of successful LBBP in those patients.
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Introduction

Left bundle branch pacing (LBBP) has proven to be an alternative method for delivering physiological pacing to achieve electrical synchrony of the left ventricle (LV), especially in patients with atrioventricular block and left bundle branch block (LBBB) (1). However, it is unclear whether it still achieved in patients whose left bundle branch (LBB) has had surgery-induced damage.

The Morrow operation (Morrow septal myectomy) is regarded as one of the most effective treatments for hypertrophic obstructive cardiomyopathy (HOCM). The surgery resects small sections of muscle tissue in the proximal ventricular septum nearby or contains the LBB, which means that physical damage to the LBB is almost inevitable (2). Approximately 2%–12% of patients may need pacemaker implanted after Morrow surgery (3, 4).

LBBP is a feasible and effective method for achieving electric resynchronization of LBBB compared to right ventricular pacing (RVB). Nevertheless, there is a dearth of data on LBBP in third-degree atrioventricular block (AVB) following Morrow surgery. We report a case of successful LBBP in those patients.



Key teaching points


	•LBBP was achieved in the patient who received LBB and third-degree AVB following Morrow surgery.

	•LBB is an area of the left ventricular septum instead of an electric wire, so even if the surgery physically damages it, it is not possible to affect all the electrical conduction characteristics of LBB.

	•Physically damaged LBBB cannot be corrected by His-bundle pacing (HBP). Usually, no LBB potential can be recorded.

	•The ECG characteristics [paced QRS morphology, paced QRS duration and stimulus to peak left ventricular activation time (Sti-LVAT)] could be evidence of LBB capture.a





Case report

A 55-year-old woman presented with symptoms of chest distress and syncope for 10 years. Ecg showed sinus bradycardia, right bundle branch block (RBBB) and left ventricular hypertrophy (Figures 1A, 2A). Echocardiography examination revealed the septum below the aortic valve; ventricular septal hypertrophy with left ventricular outflow tract stenosis; mild aortic stenosis and severe regurgitation; and enlargement of the ascending aorta.
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FIGURE 1
(A) A diagram of the right bundle branch block before MORROW surgery. The black square indicates that there was a block in the right bundle branch. (B) A diagram of how the left bundle branch has been damaged by the scalpel in MORROW surgery. The rhythm of the ventricle comes from under the block site of the RBB (the blue arrow). (C) A diagram of the His bundle potential recorded by the first 3830 lead. (D) A diagram of the 3830 pacing lead advanced from the right ventricular septum (RVS) to the left ventricular septum (LVS) in the subendocardium, and the lead captured the LBB under the damaged part caused by MORROW surgery (the green arrow). (E) A diagram of 3830 pacing lead capturing the LBB and the myocardium at the same time (the green arrow). (F) A diagram of 3830 pacing lead capturing the LBB and the right ventricular myocardium by the ring at the same time (the green arrow) after planting the permanent pacemaker.
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FIGURE 2
(A) ECG before MORROW surgery. ECG showed sinus bradycardia, RBBB and left ventricular hypertrophy (QRS duration:126 ms). (B) ECG showed 3rd degree AVB 7 days after MORROW surgery(QRS duration:130 ms). (C) The His bundle potential follows behind the atrial potential, but it cannot capture the ventricle activation or LBB even at high voltage (10 v/1 ms). (D) There was an abrupt shortening of Sti-LVAT from 100 ms to 76 ms while the pacing lead advanced from the RVS to the LVS in the subendocardium. (E) Sti-LVAT remains the same at low and high voltages (2 V and 10 V). (F) The ECG of the pacemaker, the morphology of the premature ventricle was the same as before the pacemaker was implanted(QRS duration:114 ms). (G) Electrocardiogram at the 6-month follow-up after pacemaker implantation.


A Bentall + Subaortic septum resection + Morrow surgery was performed, and a transepicardial temporary pacing lead was implanted when the ECG monitor showed complete atrioventricular block (AVB) after the heart resumes beating.

After 7 days of observation, ECG still showed 3rd degree AVB (Figures 1B, 2B), so the patient was indicated for permanent dual-chamber pacemaker implantation, and LBBP was performed. The pace lead (Model 3830; SelectSecure, Medtronic, Minneapolis, MN) was successfully implanted, and both paced and intrinsic intracardiac EGM and ECG were continuously recorded while the pacing lead advanced from the right ventricular septum (RVS) to the left ventricular septum (LVS) in the subendocardium, with a unipolar pacing output of 2 V/0.5 ms.

After locating the tricuspid valve annulus (TVA) and tricuspid septal leaflet by right ventriculography (Supplementary Video S1), it was easy to identify the HBP site and locate the His bundle potential following the atrial potential, but it could not capture the ventricular activation or LBB even at high voltage (10 v/1 ms) (Figures 1C, 2C).

A second 3830 lead was implanted to LBBP, and there was an abrupt shortening of Sti-LVAT from 100 ms to 76 ms while the pacing lead advanced from the RVS to the LVS in the subendocardium with a unipolar pacing output of 2 V/0.5 ms (Figures 1D, 2D). The Sti-LVAT remains the same at low and high voltages (2 V and 10 V) (Figures 1E, 2E). However, no LBB potential was recorded even with HBP at a high voltage (10 V).

The depth of lead insertion was approximately 1.3–1.5 cm by angiography through the C315 sheath (Supplementary Video S2). The QRS was narrow (124 ms) after implanting the permanent pacemaker, but there was frequent monomorphous ventricular premature beats, and the morphology of the premature ventricle was the same as before the pacemaker was implanted (Figures 1F, 2F).



Discussion

Many studies have demonstrated that LBBP is feasible in LBBB patients and that the LBB potential could be recorded during His bundle pacing. However, whether it still works in patients whose LBB has suffered physical damage as a result of surgery, such as MORROW, has not been in-depth coverage. Past studies have mentioned that pacing of the conduction system is feasible in patients with hypertrophic cardiomyopathy. Jing-Jing and her colleagues' research (5) has demonstrated that CSP was safe and feasible in patients with HCM and cardiac dysfunction, and did not worsen cardiac performance especially in patients with LVEF <50%. HBP might be an effective alternative to LBBP in patients with significantly thickened interventricular septum. But in our case, the physical resection of the left bundle branch made His-bundle pacing unfeasible.

In this patient, RBBB existed before MORROW surgery, and a 3rd degree AVB was inevitably following the surgery, which almost certainly damaged the LBB. During pacemaker implantation, the His bundle potential was recorded behind the atrial potential (Figure 2C), which means that the block site was under the His bundle. HBP was not able to capture the ventricle activation or LBB even at high voltage (10 V/1 ms), indicating that HBP may not be effective in this kind of patient. Additionally, we supposed that it still did not work even if the patient had no RBBB before the surgery because the path from the His bundle to the LBB was damaged by the surgery.

Although the LBB potential could not be recorded after the physical damage caused by the surgery, there are various alternatives to confirm LBBP, including monitoring the paced QRS morphology when the mid notch of the QRS complex moves up and toward the end in lead V1. The paced ECG QRS morphology frequently presents as RBBB morphology with a low threshold. More direct evidence comes from the abrupt shortening of Sti-LVAT as the pacing lead advanced from the RVS to the LVS in the subendocardium with a unipolar pacing output of 2 V/0.5 ms (Figure 2D). More importantly, thanks to the help of John Jiang's connecting cable which consists of a rotatable port and a connection wire (6). We could continuously monitor and test during the procedure. Finally, LVAT remained the same at low- and high-output pacing. It also confirmed that the final implantation site of the LBBP was adjacent to the left conduction system (7).

In conclusion, LBBP could be obtained in patients who received LBB caused by physical damage from surgery, such as the Morrow surgery. There are various techniques to confirm LBBP. Further data are required to confirm whether it works in all of these kinds of patients.
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Case Report: Epi-endocardial bridges in refractory cavotricuspid isthmus-dependent atrial flutter: technical analysis of epi-endocardial breakthrough

Andrea Matteucci1,2*[image: Green icon with "iD" in white letters, associated with ORCID.], Claudio Pandozi1, Maurizio Russo1, Marco Galeazzi1, Enrico Lombardi3, Marco Valerio Mariani4, Carlo Lavalle4 and Furio Colivicchi1

1Clinical and Rehabilitation Cardiology Division, San Filippo Neri Hospital, Rome, Italy

2Department of Experimental Medicine, Tor Vergata University, Rome, Italy

3Biosense Webster, Johnson & Johnson Medical, Rome, Italy

4Department of Cardiovascular, Respiratory, Nephrological, Anesthesiological and Geriatric Sciences, “Sapienza” University of Rome, Rome, Italy

EDITED BY
Rui Providencia, University College London, United Kingdom

REVIEWED BY
Richard Gary Trohman, Rush University, United States
Daniel Gomes, West Lisbon Hospital Center, Portugal

*CORRESPONDENCE Andrea Matteucci andrea.matteucci2@gmail.com

RECEIVED 22 April 2024
ACCEPTED 24 July 2024
PUBLISHED 08 August 2024

CITATION Matteucci A, Pandozi C, Russo M, Galeazzi M, Lombardi E, Mariani MV, Lavalle C and Colivicchi F (2024) Case Report: Epi-endocardial bridges in refractory cavotricuspid isthmus-dependent atrial flutter: technical analysis of epi-endocardial breakthrough.
Front. Cardiovasc. Med. 11:1420916.
doi: 10.3389/fcvm.2024.1420916

COPYRIGHT © 2024 Matteucci, Pandozi, Russo, Galeazzi, Lombardi, Mariani, Lavalle and Colivicchi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Typical isthmus-dependent atrial flutter (AFL) is traditionally treated through radiofrequency (RF) ablation to create a bidirectional conduction block across the cavo-tricuspid isthmus (CTI) in the right atrium. While this approach is successful in many cases, certain anatomical variations can present challenges, making CTI ablation difficult.



Methods: We enrolled four patients with typical counter-clockwise AFL who displayed an epicardial bridge at the CTI. Patients underwent high-resolution mapping of the right atrium and CTI ablation.



Results: Post-mapping identified areas of early focal activation outside the lesion line which suggested the presence of an epi-endocardial bridge with an endocardial breakthrough, confirmed by recording a unipolar rS pattern on electrograms at that site. A stable CTI block was achieved in all patients only after ablation at the site of the epi-endocardial breakthrough.



Conclusions: The presence of an epicardial bridge at the CTI, allowing conduction to persist despite endocardial ablation, should be considered in challenging cases of CTI-dependent AFL. Understanding this phenomenon and utilizing appropriate mapping and ablation techniques are essential for achieving successful and lasting CTI block.
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cavo-tricuspid isthmus ablation, typical counter-clockwise atrial flutter, epicardial bridge, epiendocardial breakthrough, high-density mapping





Introduction

The standard treatment for typical isthmus-dependent atrial flutter (AFL) involves creating a bidirectional conduction block across the right atrial cavotricuspid isthmus (CTI), between the inferior vena cava and the tricuspid valve. Radiofrequency (RF) ablation successfully eliminates the arrhythmia and prevents recurrences by transecting the isthmus in a linear fashion (1). However, achieving a bidirectional CTI block can sometimes be challenging or even impossible. Post-mortem and in vivo imaging studies have highlighted anatomical variations in dimensions, endocardial geometry, and muscular architecture across the anatomic landmarks of the CTI (2). These features can pose technical difficulties and contribute to a challenging ablation (3). Examples include a large sub-Eustachian pouch, large pectinates encroaching onto the CTI, and a prominent Eustachian ridge (4). Nevertheless, appropriate procedural approaches can resolve these anatomical issues (4). Another additional factor to consider is the presence of an epicardial bridge, which can create dissociation between the endocardium and epicardium layers of the atrial wall due to the interposed layer of fat. As a result, endocardial RF application may only affect the inner muscular layer, while the outer remains unaffected. Identifying the presence of an epicardial bridge at the level of the CTI level is crucial, especially when it is the cause of intractable CTI AFL (5). In this study, we made a technical analysis reporting four patients with typical counter-clockwise AFL who exhibited an epicardial bridge at the CTI, and in which a stable CTI block was achieved only after ablation at the site of the epi-endocardial breakthrough (EEB).



Methods and results


Workflow and electroanatomic mapping

A 7-F decapolar catheter was inserted in the coronary sinus (CS) as local activation time (LAT) reference, regardless of the patient's rhythm (CS pacing or right AFL). A weighted reference across multiple CS electrodes was employed through an advanced reference annotation algorithm. The window of interest (WOI) for local signal annotation was set from +20 ms to +200 ms compared to the reference in the case of CS pacing, or a De Ponti WOI was applied in the case of typical AFL rhythm (6). Then, using a 8-F multipolar star-shaped catheter (40 electrodes) and a 3D mapping system, electroanatomic mapping of the right atrium (RA) was performed during tachycardia or continuous pacing from CS proximal dipole at a frequency of 600 ms. An automatic acquisition was conducted based on the following filters: CL stability ±20 ms, position stability 4–6 mm, LAT stability 4–6 ms, maximum density (≥1 mm), and proximity index impedance-based. The accuracy of the beat acceptance criterion was enhanced thanks to intracardiac pattern matching of the CS's ten unipolar leads morphology, internal point filter at 6–7 mm, map consistency filter to exclude outlier LAT points and the respiration gating compensation. The multipolar catheter signals were filtered at 16–500 Hz in the bipolar electrograms (EGMs) and 2–240 Hz in the unipolar EGMs with an addition mask set at 0.03 mV to exclude signals below this threshold. The quality of the unipolar signals was ensured thanks to the integrated unipolar reference present on the multipolar catheter. This capability allows the operator to better identify near-field EGMs.



Catheter ablation

Using a point-by-point technique, a set of linear lesions was performed on the CTI with a 3,5 mm tip open irrigated ablation with a contact force sensor. The RF generator was set within a range between 35–45 W, and each lesion was created following a threshold of an index lesion or when a complete positive inversion of the unipolar signal on the ablation catheter occurred, with an inter-lesion distance of a maximum of 6 mm. During the RF applications, the unipolar EGM of the ablation distal electrode was monitored thanks to the 11th electrode of the CS catheter, positioned in the IVC as a unipolar reference. This was fundamental for observing unipolar positive inversion within RF delivery.



Case 1

A 58-year-old woman with documented typical AFL underwent her first catheter ablation procedure. A 3D electroanatomic map (EAM) of the right atrium (RA) was created using a 3D navigation and mapping technology (Carto 3 system) and a multipolar mapping catheter with spacing electrodes 2-2-2, spine length 1.5 cm (Octaray). Before ablation, a Local Activation Time (LAT) map of RA was generated with pacing from the proximal dipole of the coronary sinus (CS) catheter at a cycle length of 600 ms. The propagation map was automatically acquired using the Confidense module. The first paced map revealed the presence of two wavefronts, traveling the first one downward along the CTI and the lateral wall and the second one upward, towards the right atrial septum; the two wavefronts collided at the anterior rim of the right atrial appendage (RAA). Subsequently, RF ablation was performed along the CTI using the ablation (Thermocool Smarttouch SF) catheter during CS proximal pacing, applying 40 W in power control mode and maintaining an inter lesion distance (ILD) of 6 mm. Once the CTI line was completed, a remap was performed for lesion validation with the mapping catheter to validate the lesions. Although no electrogram (EGM) was detected on the CTI ablation line, an apparently focal potential, preceded by a far-field low voltage electrogram, was observed 70 ms after the stimulus artifact, 1.3 cm inferolaterally respect to the lesion line (Figure 1A and Supplementary Video 1). This phenomenon could be explained by the presence of an epi-endocardial bridge with an endocardial breakthrough (EB) adjacent to the line of block and confirmed by the recording in that site of a rS unipolar pattern on EGMs (7, 8). Complete CTI block was achieved by delivering an additional touch-up RF application at 40 W using an ablation catheter at the site of this apparent focal activation. During the last RF application, the latency between the stimulus artifact and the local activation time increased to a final value of 165 ms.


[image: Two panels labeled A and B display cardiac mapping data. Each panel shows a three-dimensional model of the heart with multicolored regions indicating electrical activity, alongside graphs depicting electrocardiogram signals. Various colors on the heart models represent different electrical potentials. Arrows indicate conduction paths, and additional details are annotated in the graphs, showing signal timings and activity.]
FIGURE 1
(A) Case 1: the isochronal endocardial propagation map demonstrates the epicardial-endocardial breakthrough during fixed pacing from the proximal dipole of CS. The blue arrows indicate the wavefront traveling from the CS towards the CTI ablation line. Subsequently, the first local activation on the other side of the isthmic ablation line is observed 1,3 cm away from it, displaying a focal-type activation (indicated by white arrows in the green zone). Activation proceeds from the site of pseudo-focal activity both laterally and towards the line of the isthmic block (the activation towards the line of the isthmic block is shown also by the recorded EGMs as indicated by the white arrow); (B) case 2: in the left picture, the local activation map of right atrium illustrates the CTI block following RF application at the epicardial-endocardial breakthrough; the two wavefronts collide at the CTI level with a time delay of at least 100 ms between the first and second component of the double potential recorded on the isthmus line, as depicted in the EGM on the right. CS, coronary sinus; CTI, cavo-tricuspid isthmus; EGM, intracardiac electrograms; RF, radiofrequency.




Case 2

A 60-year-old man with typical flutter was scheduled for a cavo-tricuspid isthmus ablation. The initial mapping of the RA was performed using the mapping catheter with spacing electrodes 2-5-2; spine length 2 cm (Octaray) with pacing at 600 ms from the proximal dipole of the CS catheter. Similar to the previous case, impulse propagation originated from CS ostium, with one wavefront rising counterclockwise toward the septum, and the second descending along the septum and crossing the CTI. The two wavefronts collided at RAA anterior rim. After identifying the best and shortest pathway of the CTI, RF ablations were delivered using a focal ablation catheter with fixed pacing at 600 ms (see the previous case for ablation settings). Subsequent high-density remapping was performed to validate CTI block, but the delay between the two atrial signals straddling the lesions was still less than 80 ms. The LAT map highlighted early focal activation 1 cm away from the lesions, toward the lateral portion of the isthmus. This indicated the presence of another possible epi-endocardial bridge capable of maintaining conduction through the CTI. We searched for a possible gap in the first lesions set, but we detected the absence of EGMs along the entire line. Consequently, an additional RF pulse was applied on the earliest endocardial activation site while maintaining fixed pacing at 600 ms. This resulted in a further delay between the first and the second atria straddling the line (i.e., Figure 1B). At the end of the RF application, the isthmus was blocked, and the delay between the stimulus from the proximal CS dipole and the atrium on the lateral side of the line reached 167 ms.



Case 3

A 60-year-old man underwent his first catheter ablation procedure for recurrent AFL. ECG recordings showed a recurrence of typical flutter with negative F wave in inferior leads. During the AFL (cycle length 235 ms), 3D electroanatomic mapping was performed using the mapping catheter with spacing electrodes 3-3-3, spine length 2 cm (Octaray). The endocardial propagation map demonstrated counterclockwise wavefront propagation around the TV, with more than 90% of the tachycardia cycle length covered in RA. Subsequently, an ablation line along the CTI was performed with an ablation catheter (Thermocool Smarttouch SF) during arrhythmia, using the SmartAblate system with 40W in power control mode and an ILD of 6 mm, following the point-by-point ablation technique. After completing the ablation line, only a 20 ms increase in the AFL cycle length was observed without interrupting the arrhythmia. Therefore, in the suspicion that the previous flutter had changed the circuit, a second high-density map was made to identify the possible new critical isthmus. Actually, the arrhythmia changed its cycle but maintained the same pathway, as the wavefront propagation was still counterclockwise around the TV and more than 90% of the cycle remained within the RA. However, we noted that, after the wavefront reached the lateral side of the CTI, a focal activation appeared from the septal side beyond the ablation line (Figure 2A). Additionally, no EGMs were present on the ablation line during the remap, suggesting a proper quality of lesions created and the lack of gaps. At the site of the pseudo-focal activity a small area of mesodiastolic potentials with large fragmentation and an rS component on the unipolar signal was found. The flutter stopped after a few seconds of a single-shot RF application (Figure 2B), restoring SR. Finally, a last electroanatomic map was performed with pacing at 600 ms from proximal CS, demonstrating CTI block.
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FIGURE 2
Case 3. (A): The local endocardial activation map during typical atrial flutter after performing an ablation line at the CTI level reveals a counterclockwise loop around the TV, with more than 90% of the cycle length occurring within the RA. The propagation map indicates early activation along the CTI at the red spot, located on the septal side of the isthmus, near the TV but far away from the ablation line. Consequently, the typical atrial flutter appears to be sustained by an epi-endocardial breakthrough that can bypass the lesion line; (B) in the left picture is shown the application of RF at the supposed endocardial breakthrough resulting in the interruption of the atrial flutter. CTI, cavo-tricuspid isthmus; EGM, intracardiac electrograms; RA, right atrium; SR, sinus rhythm; TV, tricuspid valve.




Case 4

A 63-year-old man with nickel allergy, dyslipidemia, and arterial hypertension underwent his first CTI-dependent AFL ablation with a 3D EAM system. The patient arrived in SR, and a high-density EAM of the RA was performed using a mapping catheter with spacing electrodes 2-2-2; spine length 1.5 cm (Octaray). A shell of the RA was created, and local activation time points were collected while pacing at 600 ms from the proximal dipole of the decapolar catheter placed in the CS. The observed wavefront propagation was identical to that described above in case 1 and 2. Once the optimal pathway of the CTI was identified, RF ablations were delivered using the micro-electrodes catheter (QDOT Micro). A contiguous lesion set was created along the CTI utilizing an ILD ≤6 mm and a point-by-point technique. Subsequently, a remapping of the RA was performed to validate the CTI block revealing that a gap was still present in the middle of the ablation line. Additional RF applications were delivered to perform touch-ups on the isthmus line in an attempt to achieve a complete block. Although the isthmus seemed to be initially blocked, it became unblocked a few minutes later. The remapping of the ablation line showed no EGM potentials detected along the CTI line. However, careful observation of the activation map highlighted the presence of an early “focal” potential beyond the line, 1 cm away on the lateral side of the isthmus (Figure 3, top). Examination of the unipolar lead of the ablation catheter shows a typical rS pattern preceded also in the bipolar electrogram by a far-field slow electrogram (epicardial activation?) suggesting the presence of an epi-endocardial breakthrough (EEB). Additional RF applications with the same ablation settings were delivered on this early focal activation site. During RF ablation, we observed that the isthmus block occurred about 20 s after the start of RF (Figure 3 bottom), indicating a deep conducting channel with a possible multiple endocardial breakthrough. A last high-density remapping confirmed a durable CTI block also after a waiting time of 20 min.
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FIGURE 3
Case 4. Top: isochronal activation map during pacing from the CS shows an apparently focal activation pattern, on the left side of the lesion line, approximately 1,4 cm away from the isthmus. The EGM obtained from the distal dipole of the ablation catheter exhibits early atrial activation with a clear rS pattern preceded by a far-field electrogram (epicardial activation?) both on the bipolar and the unipolar recordings in the middle of the red zone. Bottom: RF delivery at this location increases the stimulus-atrium interval during RF leading finally at the achievement of complete CTI block.





Discussion

Macro-reentrant isthmus-dependent AFL is sustained by a circuit around the tricuspid annulus and ablation at the level of the CTI creating a bidirectional block is the first-line curative approach with a high success rate (1). Unfortunately, in some cases, it is not easy to achieve a complete bidirectional block, due to the presence of a large sub-Eustachian pouch, a large pectinate muscle, or a prominent Eustachian ridge (4). Papez (9) first reported in 1920 on the complex macroscopic anatomy of the atria muscles showing the presence of overlapping myocardial bundles. His finding was confirmed only years later by the work of Wang (7) and Ho (10) in 1995 and 2002 respectively. Recently, Pambrun (11) described the microtomography imaging and histological analyses of five human donor hearts. These studies revealed a separation between the septopulmonary bundle (epicardial) and the septo-atrial bundle (endocardial) at the level of the left atrial roof due to the intersection of connective or adipose tissue. This separation explains the failure to achieve a transmural lesion during RF applications from the endocardium, leading to the development of epicardial gaps, persistent epicardial conduction, and the inability to create a complete roof line in the dome of the left atrium during ablation of AF or roof-dependent AFL. The increased development of an endo-epi longitudinal dissociation in the atrial musculature, secondary to the increased fibrosis by AF-induced structural remodeling, has been proposed as the electrophysiological substrate of long-standing persistent atrial fibrillation (12). The anatomical architecture of the CT isthmus presents similar aspects to those described for the left atrial roof. Many anatomic studies demonstrated that myocardial bundles are separated by connective tissue both in animals and humans (13). Therefore, the electrical propagation of the impulse through the CTI should be viewed as a 3-dimensional activation process in which electrical wavefronts courses on the other side of the wall. When only endocardial conduction is blocked by non-transmural ablation, the epicardial and endocardial activation conduction might dissociate, and the continuously forward epicardial activation may have a chance to conduct into the endocardium through a distal epicardial-endocardial bridging myocardial fibers. This particular microscopic arrangement may be another important cause for intractable CTI AFL due to the persistence of isthmus epicardial conduction with subsequent endocardial activation through an epicardial-endocardial myocardial connection. This is the case with the patients described in this report.

Our results are in agreement with those reported in the study by Su et al. (5) in which six patients with refractory CTI-dependent AFL showing the presence of an EEB with persistent epicardial isthmus conduction were identified and successfully treated by intensive ablation targeting the central isthmus or the EEB. We have obtained in the same kind of patients a successful ablation with permanent isthmus block by ablation targeted exclusively at the EEB. In our series, epicardial to endocardial breakthroughs during AFL ablation were observed in approximately 6% of cases, involving more than 60 patients, which is in line with the study by Su et al. (5). We found the EEB close to the line of the endocardial conduction block. Immediately after the wavefront reached the line of block, a focal activation, spreading laterally and medially, appeared from the adjacent endocardium on the other side of the line suggesting the presence of a bridging epicardial fiber (Figures 1A, B and Supplementary Video 1). Our results are in agreement also with those reported by Pathic and Coll (14). Showing that there was evidence of a line of endocardial conduction block followed by a focal breakthrough close to this line in a series of patients with CTI-dependent AFL that persisted after the completion of the linear ablation lesion despite the presence of complete endocardial CTI block. The mean distance from the line of endocardial block to the site of focal breakthrough at the posterior RA was 13.6 ± 2.3 mm, similar to that found in our patients 12.1 ± 5 mm. These data indicate that the separation between endocardial and epicardial muscular layers is not continuous and that muscular bridges penetrate through the fibro-adipose tissue connecting epicardial and endocardial muscular sleeves at a variable but relatively short distance. The possible presence of an EB may explain some findings and pose some problems. For example, when bidirectional block across the CTI is difficult to achieve during a conventional ablation procedure without the use of 3D mapping systems and the presence of a sub-Eustachian pouch is suspected, a recommended approach to troubleshooting is to carry out an ablation line more laterally (4). In our experience, by adopting such a strategy, a bidirectional block is achieved often before the new line through the isthmus has been completed. This behavior can be explained either by the muscle bundle hypothesis (15) or by the fact that during the new line realization, at some point, RF delivery may have been applied unknowingly on an EEB of an unrecognized EB. Furthermore, the presence of an EB with an endocardial breakthrough in the posterior pericardial CTI must be differentiated from other situations that may mimic it; for example, limited endocardial mapping after ablation to validate the presence of CTI block may show a pattern of activation during pacing from the CS compatible with CTI conduction although the CTI is blocked. In this situation, there is no apparent isthmus block, but, although the isthmus is blocked, a focal activation pattern may appear at the low right atrium because this region is activated through the posterior portion of the IVC orifice, as demonstrated by Scaglione et al. (16). Differentiation of the two situations can only be achieved by accurate high-density mapping that also includes activation of the IVC as performed in our patients and is of paramount importance from an operative point of view. Indeed, in the case of the presence of an epicardial bridge leading to CTI conduction, ablation at the level of the EEB is required, whereas in the other case, no intervention is necessary because the CTI is effectively blocked. An interesting development for transmural validation could be pulsed field ablation (PFA). While its efficacy has been proven in several studies for the isolation of pulmonary veins, its use in other atrial substrates is still debated. Recent data show its application during persistent atrial fibrillation on the mitral isthmus with results in isolation of the isthmus and good safety profiles, against a low rate of coronary spasm (17). A recent study used PFA on CTI isolation during AF ablation procedure testing the safety of this approach with the use of nitroglycerin to prevent coronary spasms (18). The results indicated that without nitroglycerin, ablation of the CTI led to moderate-to-severe vasospasm. However, with repeated doses of nitroglycerin, severe spasms did not occur, and only mild-to-moderate vasospasms were observed at lower frequencies. Although these findings are promising, further studies are needed to confirm the efficacy of PFA for CTI isolation (19) and to investigate potential interactions with the cardiac conduction system (20).


Study limitations

This study presents some limitations. It primarily focuses on technical aspects and procedural interventions without extensive exploration of clinical outcomes or patient-reported measures, limiting the comprehensive assessment of the intervention's overall efficacy. In addition, the four cases analyzed may not reflect all anatomic variety, which limits the generalizability of the findings to a broader population. Future prospective studies with larger sample sizes and comprehensive outcome assessments are warranted to address these limitations and provide further insights into the management of CTI-dependent AFL.




Conclusion

Anatomic studies demonstrate that also CTI consists of discrete muscle bundles often separated by connective tissue. This particular fiber architecture can spare the epicardial layer from the injury of radiofrequency applied from the endocardial side and become the mechanism behind intractable CTI by creating an epicardial bridge capable of supporting conduction across the isthmus. Therefore, the presence of an epicardial bridge as the substrate for intractable CTI-dependent AFL should be suspected in all cases of difficult ablation, particularly when the most common anatomical pitfalls have been ruled out.
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Left bundle branch pacing has recently emerged as a significant alternative to right ventricular pacing. The rate of implanted stylet-driven septal leads is expected to increase substantially in the coming years, along with the need to manage long-term complications. Experience in extracting these leads is currently very limited; however, the number of complex extractions is anticipated to increase in the future. We report a complex case involving the extraction of a long-dwelling Solia lead used for left bundle branch pacing in a 21-year-old man. The lead was extracted through the implant vein 27 months after implantation, using a methodology that involved a locking stylet and compression coil. The new lead insertion was challenging due to venous occlusion but after successful venoplasty, the His lead was successfully implanted. The postoperative course was uneventful, demonstrating the feasibility of extraction without complications.
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Introduction

Transvenous lead extraction is a challenging procedure with a high risk of complications (1). The number of lead extractions has evolved over the years following the expansion of indications for device therapy (1). Conduction system pacing (CSP) is rapidly replacing right ventricular apical pacing to avoid the unfavourable effects of ventricular dyssynchrony (2, 3). Extensive studies are reviewing the clinical effectiveness of CSP, directly comparing it with cardiac resynchronisation therapy, with promising results (4–6). Consequently, the rate of implanted stylet-driven (SD) septal leads will likely increase significantly in the upcoming years (7), as will the need to manage short- and long-term complications. We describe a case of a transvenous extraction of an SD lead for left bundle branch area pacing (LBBAP), showing the feasibility of extraction in a long-term setting without complications.



Case description

A 21-year-old man was referred to our institution for the extraction of an LBBAP SD lead. His medical history revealed that he had undergone successful minimal invasive surgical aortic valve replacement (On-X mechanical valve 27–29 mm, On-X Life Technologies, Austin, TX, USA) at the age of 19 due to severe symptomatic aortic regurgitation. Intraoperatively, complete AV block with a narrow QRS complex was noted, and on the 6th postoperative day, a permanent single-chamber pacemaker with atrial sensing (VDD) was implanted. Owing to issues with atrial oversensing observed during follow-up (Figure 3A), it was decided to implant a dual-chamber pacemaker with a conduction system pacing lead.

Two months after his first pacemaker implant, a delivery sheath (Selectra 3D 55-42, BIOTRONIK, SE & Co., KG, Berlin, Germany) was used to implant an SD lead (Solia S60, BIOTRONIK, SE & Co., KG) into the 12-mm thick interventricular septum in the left bundle branch area, approximately 2 cm distal to the His region, through the left axillary vein. The final parameters were a left ventricular activation time (LVAT) in V6 of 80 ms, QRS length of 110 ms, sensing of the R wave of 15 mV, pacing impedance of 830 ohms, and pacing threshold of <1 V at 1 ms.

The His position was initially targeted but there was no capture at 5 V at 1 ms at the site of the His bundle potentials. A conventional active atrial lead (Solia 53, BIOTRONIK SE & Co. KG) was implanted in the right atrial appendage also via the left axillary vein. The right ventricular lead was easily extracted from the right ventricular apex. Leads were connected to the dual-chamber pacemaker (Adapta DR, Medtronic Inc., Minneapolis, MN, USA).

In the next 2 years after the LBBAP implantation, echocardiography examinations revealed a gradual reduction in the left ventricular ejection fraction, decreasing from 51% to 35%. Upon reviewing electrocardiographic (ECG) tracings, it was observed that the initially optimal LBBAP QRS morphology began resembling deep septal pacing (Figure 3B). Follow-up pacing parameters were also less optimal, likely due to late lead microdislocation. Consequently, the decision was made to refer the patient for LBBAP lead extraction and plan redo cardiac resynchronisation therapy.

The patient came to our facility 27 months after the LBBAP implantation. The procedure was performed under general anaesthesia with a cardiothoracic surgery team on standby in the operating room. The procedure was monitored using intracardiac echocardiography, which was inserted through the right femoral vein, and fluoroscopic guidance. Preprocedural ipsilateral contrast venography revealed a complete occlusion of the left subclavian vein (Figure 2A).

The lead extraction was carried out using the subclavian approach. After removing the sutured sleeve and adhesions, extraction was initially attempted through simple manual traction. No resistance was encountered in the superior vena cava but unfortunately the SD lead was densely adhered in the interventricular septum, necessitating the use of traction devices to facilitate the extraction. The proximal pin of the electrode was resected, and a Liberator locking stylet (Cook Medical, Bloomington, IN, USA) was advanced to the tip of the electrode to provide internal support. To ensure secure binding to the locking stylet and the proximal components of the lead, a One-Tie Compression Coil (Cook Medical) was wound around the proximal lead end (Figure 1). With controlled traction, the electrode was completely extracted.
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FIGURE 1
Preparing the lead for extraction. (A) The lead connector and the outer coating of the lead are cut off to expose the inner lumen. (B) The Liberator stylet is advanced to the tip of the lead through the lead lumen. (C, D) A One-Tie compression coil is wound around the lead to bind the Liberator stylet to the body of the lead.


After the extraction, a new lead implantation was pursued by puncturing the axillary vein, but the aforementioned vein occlusion prevented the hydrophilic guidewire from passing through. The occlusion was traversed using a Gaia Third (Asahi Intecc, Aichi, Japan) guidewire inserted into a hydrophilic KA2 catheter (6F, Merit Medical, South Jordan, UT, USA). The operator then performed a subclavian venoplasty with a balloon for peripheral artery stenosis dilatation (Armada 10.0 mm × 80 mm, 10 atm; Abbot Vascular, Abbott, Santa Clara, CA, USA) (Figures 2B,C). The arterial sheath was then exchanged for a venous one (7F, Biotronik LI-7), and a C315HIS catheter (Medtronic Inc.) was inserted.
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FIGURE 2
Intraprocedural fluoroscopy images. (A) Complete distal left subclavian stenosis with collateral drainage to the internal jugular vein. (B) Venoplasty carried out after lead extraction with an Armada peripheral balloon passed along a guidewire over the stenotic segment. (C) A completely inflated Armada peripheral balloon.


LBBAP was attempted using a SelectSecure 3830 lead (69 cm) (Medtronic Inc.). Despite multiple attempts at different positions, septal fibrosis prevented the electrode from being inserted at the site of optimal QRS morphology. Consequently, the lead was placed at the distal His position, resulting in non-selective His capture QRS morphology and a greater narrowing of QRS duration (QRS duration at His position, 90 ms) compared with the previous non-optimal LBBAP (QRS duration at LBBAP, 120 ms) (Figures 3B,C). The parameters were a selective His capture threshold of 1.8 A at 1.0 ms, ventricular threshold of 0.7 A at 1.0 ms, and sensing of 2.5 mV. The leads were connected to a permanent pacemaker with an extended battery life (Attesta LDR, MRI SureScan, Medtronic Inc.) (Figure 4).
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FIGURE 3
Twelve lead ECG. (A) Ventricular stimulation from a single-chamber pacemaker with atrial sensing (VDD). Atrioventricular synchrony is lost due to atrial undersensing. (B) Left bundle branch area pacing with typical positive lead II+and negative lead III deflection. The QRS duration is 120 ms; the LVAT in V6 is 100 ms; and the V6-V1 interpeak interval is <33 ms—changes due to lead microdislocation. (C) Significant QRS width reduction after implantation at the area of the His bundle. With a unipolar pacing output of 2.5 mV at 1.0 ms, QRS is 90 ms as a result of non-selective His bundle capture. (D) Non-stimulated native ECG recorded after extraction with the QRS duration of 85 ms indicating intact intrinsic conduction after extraction.
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FIGURE 4
Different views to compare lead position in left bundle branch area pacing (left images) and at the area of the His bundle (right images). (A) Lateral view chest x-ray image of the ventricular lead positioned in the LBBAP area. (B) Lateral view chest x-ray image of the ventricular lead in the area of the His bundle (thinner lumenless lead; approximately 2 cm higher than the LBBAP lead). (C) Fluoroscopic antero-posterior view of the ventricular lead positioned in the LBBAP area. (D) Antero-posterior x-ray view of the ventricular lead in the area of the His bundle.


The total procedural time was 130 min, with a fluoroscopy time of 49 min, radiation dose of 851 mGy, and dose area product of 4,618 µGy m2. The postoperative course was uneventful, and the patient was discharged the following day.



Discussion

We presented a case of a deep septal SD lead extraction using traction tools, 27 months after implantation, without complications, demonstrating the feasibility of SD lead extraction in long-term settings. An increasing number of complex septal extractions can be expected in the future, and our report aims to provide valuable guidance on managing such cases. To the best of our knowledge, this is the first case of a successful long-dwelling LBBAP SD lead extraction using traction tools.

Our case demonstrates the feasibility of lead removal from the deep septal left bundle branch location when simple manual traction is insufficient. Monitoring the entire procedure with intracardiac echocardiography reduced radiation exposure and provided safer guidance and showed no evidence of ventricular septal defect and no tricuspid regurgitation at the end of the procedure. Adhesions of the lead tip were so tight that they could not be removed with simple manual traction. The stiffness of the lead tip adhesions was likely due to the extended lead-dwelling time, which was much longer than in any other reported cases (8–10). In addition, the SD lead (Solia) is thicker than the SelectSecure lead (5.9F compared with 4.1F), creating more adhesions between the lead and the adjacent myocardium.

To date, there have been only two case reports of successful complete percutaneous extraction of an SD lead from the deep septum, and our case differs to those in few ways. First, in the other cases, the lead dwell time was relatively short (4 and 10 months after implantation), and second, both were extracted through manual traction using standard non-locking stylets (8, 9). Longer dwell leads are likely to present significantly more challenges related to fibrosis and calcification and will probably require mechanical tools for extraction, which aligns with our case. Native ECG recorded after implantation showed a narrow QRS complex, proving that the patient's conduction system was not damaged during the extraction (Figure 3D).

To reinforce the lead and reduce the risk of lead disruption, the lead was prepared with a locking stylet and compression coil. We chose the Liberator stylet because it focuses the locking mechanism strength at the distal tip of the stylet, providing focal traction at the tip of the lead. In contrast, other available locking stylets, such as the Spectranetics LLD (Spectranetics, Colorado Springs, CO, USA), grab the complete lead except for the first few centimetres, making it less ideal in this case. Based on the reported literature and the operator's experience, we did not retract the active fixation screw to prevent helix fracture (8). It is also important to highlight that we avoided any rotating manoeuvres during the traction. Counterclockwise rotation manoeuvres were not attempted due to the fear of tip fracture consequent to screw entanglement. Ruptures of the fixating mechanism have been reported in several cases (8, 10), and are presumably the consequence of the screwing mechanism's fragility.

Data on transvenous lead extraction in LBBAP are limited to retrospective data sets and case reports, which mostly describe the extraction of lumenless (LL) leads, with the main concern being the lack of a lumen for placing a locking stylet for complex extractions (11). In addition, the number of SD leads for LBBAP implants is increasing (7, 12) and, as such, concerns about long-term extractability are growing.

A progressive decline in left ventricular function was noted due to septal dyskinesia, despite guideline-directed medical therapy. We speculate that only a partial capture of the anterior fascicle was achieved, or only the left ventricular deep septal pacing was obtained, and over time, the QRS widened, and pacing parameters were less optimal due to microdislocation. The most probable cause for lead microdislocation is a fibrotic interventricular septum developed following aortic valve replacement. This argument also explains our unsuccessful LBBAP lead deployment, as septal scar is associated with higher implant failure rates (13). With the achieved narrow QRS and synchronised left ventricular activity, recovery of left ventricular function is anticipated. We achieved a satisfying threshold in the distal His area.

Our patient was discharged the day after the procedure, but in the past year, three studies have confirmed the safety of the “same-day discharge” approach following transvenous lead extractions (14–16). The most recent study demonstrated non-inferior outcomes for patients who were discharged on the same day compared with those who were not, supporting the concept of lead extraction feasibility (14).

In conclusion, we report a complex case of long-dwelling SD lead extraction used for LBBAP, followed by His lead implantation after venoplasty due to ipsilateral subclavian vein occlusion. As discussed, an increasing number of complex extractions can be expected in the future, demanding a range of skills from operators. This case provides valuable guidance on managing more complex cases until new tools and techniques are developed.
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Background: There have been few instances of symptomatic bradycardia-arrhythmia in the context of area postrema syndrome (APS), and some of them have been implanted permanent pacemakers. Cardioneuroablation (CNA) has emerged as a viable therapy for the treatment of syncope induced by neutrally mediated bradycardia or atrioventricular block.



Methods: We report a young patient with recurrent cardiac asystole and syncope following persistent hiccups caused by neuromyelitis optica spectrum disorder (NMOSD), who successfully completed CNA treatment and avoided permanent pacemaker placement. We also summarized and analyzed 20 previously reported cases that were relevant to APS with bradyarrhythmia.



Results: In a patient with NMOSD, CNA can efficiently and safely eradicate symptomatic bradycardia-arrhythmia. A total of 21 cases were identified in the final analysis (including our case). The average age was 51 years old and female patients accounted for 38.1%. Brady-arrhythmia was presented in all patients, and 9 patients were implanted temporary or permanent pacemakers. 4 of the 9 patients were received permanent pacing therapy because they were not weaned off pacing support after etiological treatment.



Conclusions: Cardiac asystole and syncope after persistent hiccups may be the first signs of APS of medullary lesions, and CNA may be a useful therapy option for these patients in experienced centers. We believe that in this scenario, CNA may be a superior therapeutic option than permanent pacemaker placement. Additionally, the statement also serves as a cautionary reminder for health care professionals to establish an association between bradyarrhythmia and APS of medullary lesions in their clinical practice.
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1 Introduction

The immune-mediated condition neuromyelitis optica spectrum disorder (NMOSD) is characterized by acute demyelinating and/or necrotizing lesions in the optic nerves and/or spinal cord. As a disease with medullary lesions, NMOSD manifests in a wide range of ways, from common ocular neuritis, acute myelitis, and area postrema syndrome (APS, such as hiccups, nausea, and vomiting) to more usual symptoms including syncope and cardiac arrhythmias. Some of those patients with bradyarrhythmias received temporary or permanent pacemaker implantation. Aquaporin 4 (AQP4) is a water channel expressed in “Astrocytes”, and anti-AQP4 antibody is a specific marker for NMOSD (1, 2).

Cardioneuroablation (CNA) targeting the cardiac parasympathetic ganglionated plexus (GP) has emerged as a viable treatment for syncope induced by neutrally mediated bradycardia or atrioventricular block in recent years (3). As a result, we thought this unique method may be effective in treating cardiac asystole induced by medullary-related neurologic disease such as NMOSD in this case. We present the case of a young woman who had persistent hiccups followed by repeated syncope owing to extended asystole pauses and was effectively treated with CNA. We also performed a systematic review of the literature on the management of symptomatic bradycardia-arrhythmia in patients with NMOSD or other Medullary diseases.



2 Case report

The patient was a 34-year-old Chinese female with a history of hypothyroidism and systemic lupus erythematosus (SLE) for 3 years. She took a minimal maintenance dose of steroids and 50 micrograms of levothyroxine sodium per day. Her SLE was in stable condition and thyroid function test kept normal during routine follow-up. 10 days before admission when she developed hiccups, nausea and vomiting without obvious causes. While visiting a nearby clinic, metoclopramide and intravenous fluids were ordered. However, the problems persisted. Five days earlier, she was admitted to a local hospital for repeated episodes of sudden onset dizziness and syncope following bouts of hiccups. She underwent a head computed tomography (CT) scan and without any positive findings. A 24-h Holter-monitor disclosed episodes of profound sinus bradycardia with slowest heart rate down to 14 bpm. There were 297 times of R-R intervals >2.0 s with the longest pause of 13.1 s (Figure 1). Permanent pacemaker therapy was offered but declined by the patient. After transferring to our cardiovascular department, the patient continued to have hiccups, nausea, and syncope without decreased vision and limb weakness. Routine laboratory examinations and markers of myocardial injury were in normal limitation. Thyroid function test was normal. Cardiac ultrasonography showed no abnormalities. Her consciousness was intact, and there was no abnormality in the cranial and peripheral nerves. A temporary pacemaker was implanted to maintain normal heart rate and prevent further syncope.


[image: Electrocardiogram showing two segments labeled asystole, with heart rates of 20 and 21 beats per minute, recorded at 2022-09-24 20:34:10 and 20:34:21. Both lines display flat or minimal waveforms, marked with arrows labeled A and B, and annotations indicating pulse counts.]
FIGURE 1
Electrocardiogram recorded at the local hospital. The cardiac arrest duration was 13.1 s following severe hiccups (between arrow A and B).


The patient was consulted by the neurology department at the very beginning and NMOSD was suspected. But considering that her symptoms and signs were not typical, we finally decided not to use methylprednisolone before her head MRI test done. However, head and neck MRI could not be performed because implanted temporary pacemaker and the lead were non-MR-conditional. After detailed discussion and counseling, patient and family agreed to proceed with CNA. The procedure was performed under Moderate sedation and routine electrophysiological testing was completed. The ganglionated plexus groups were mapped and ablated using a 3D electroanatomic mapping system, guided by anatomy and fragmented potentials. (CARTO3 Version 6; Biosense Webster, Diamond Bar, CA, USA) and a Thermocool® SmartTouch (Biosense Webster, Diamond Bar, CA, USA) irrigation catheter. The right atrium was initially reconstructed. Local fragmented intra-cardiac electrograms in the areas of aorto-superior vena cava GP and posteromedial left GP were eliminated (Figure 2). The left atrium was reconstructed and fragmented potentials were mapped. Ablation delivered at the targeted GPs (left superior GP, left inferior GP, right superior GP, and right inferior GP) (Figure 2). After ablation, the resting sinus rate increased from 54 bpm to 68 bpm, the long R-R interval > 2.0 s following hiccups was no longer present and temporary pacemaker was removed. There was no major complication related to the procedure. Two days after CNA procedure, persistent hiccup, vomit, and anorexia were still present and refractory to conventional medical therapy, but the episodes of dizziness and syncope had completely resolved. A 48-h Holter monitoring confirmed no R-R interval >2.0 s. MRI of the skull and spinal cord revealed a lesion at dorsal medulla oblongata (Figure 3). As the cerebrospinal fluid was tested positive for anti-AQP4 antibody, she was diagnosed as NMOSD. Considering the patient's low BMI (19.3) and the need for anti-coagulation therapy after CNA, methylprednisolone pulse therapy (800 mg per day instead of 1,000 mg) was given for five days and then changed to oral prednisolone with simultaneously ofatumumab for sequential immunosuppressive therapy. Her symptoms resolved and was discharged five days later with prednisolone (45 mg per day for the first 2 weeks, then gradually reducing dosage under the supervision of a physician), levothyroxine sodium 50 Ug per day and Edoxaban 30 mg per day for 2 months.


[image: 3D anatomical heart model displays locations of ganglionated plexi (GP) using red spheres annotated as AO-SVC GP, PML GP, RI GP, LS GP, LI GP, and RS GP. Electrograms with voltage measurements are shown beside each annotation. Arrows connect each GP site on the model with corresponding electrograms, indicating electrical activity associations.]
FIGURE 2
3D view of ganglionated plexus (GPs) groups distribution and ablation in the right and left atrium. Combined 3-dimensional electroanatomic mapping and radiofrequency (RF) ablation based on presence of fragmented/fractionated potentials in sinus rhythm. Red dots indicate RF application on the GPs sites. AO-SVC GP, aorto-superior vena cava GP; PML GP, posteromedial left GP; LS GP, left superior GP; LI GP, left inferior GP; RS GP, right superior GP; RI GP, right inferior GP.



[image: MRI of the brain showing six different axial and coronal slices labeled A to F. Each image contains an arrow indicating a particular region of interest. Slices display various brain structures and contrasts, suggesting a comparison of different imaging techniques or sequences to highlight specific anatomical or pathological features.]
FIGURE 3
MR imaging of the brain and part of cervical cord. Axial T2-weighted, FLAIR and DWI brain MRI revealed a high-intensity lesion in the dorsal part of the medulla oblongata and cervical cord. (A–C; arrowheads) Axial enhanced T1-weighted and normal T1-weighted brain MRI revealed a low-intensity lesion in the same segment, (D,E; arrowheads) and clearer in coronal view. (F; arrowheads).


She remained asymptomatic and 24-h Holter monitor demonstrated normal sinus rhythm with appropriate chronotropic response at 3- and 6-months follow-up.



3 Discussion

Area Postrema Syndrome (APS) is rare among the symptoms of NMOSD, presenting as intractable nausea, vomiting, and hiccups, this condition is commonly misdiagnosed clinically. Herein, we described a NMOSD patient with dorsal medulla oblongata involvement who initially presented with persistent hiccups, nausea, vomiting, and episodes of syncope due to cardiac asystole. Neuromyelitis optica frequently affects the medullary tegmentum, leading to persistent hiccups and nausea in patients (4). The differential diagnosis for persistent hiccups includes central nervous system (CNS) diseases, gastrointestinal, thoracic, cardiac, toxic-metabolic and drug-related disorders (5) In most cases, the mechanism of hiccup is involved in the following 3 pathways: (1) the afferent pathway of the “vagal nerve, the phrenic nerve, or the thoracic-sympathetic nerve”, (2) the medulla oblongata, including the respiratory center, the “ambiguous nucleus”, and the “reticular formation”, and (3) the efferent pathway of the phrenic nerve or the motor nerves to respiratory muscles (6). Previous research revealed that parasympathetic stimulation and sympathetic inhibition caused by the lesion of the solitary nuclei in medulla oblongata can result in bradycardia and asystole (7). We assumed that lesions in medulla oblongata, specifically the solitary nucleus and medullary tegmentum triggered hiccups and bradycardia. Hiccups may further enhance parasympathetic outflow and result into severe bradycardia and long pauses.

When it comes to NMOSD with bradyarrhythmia, it is necessary to make a differential diagnosis with other neurological diseases such as multiple sclerosis and infarction, which can also give rise to cardio-inhibitory arrhythmia. The published studies are limited and the most of them are case reports or observation of small series. We summarized the published reports of bradycardia arrhythmia associated with the medullary lesion in Table 1 (7–26). A total of 21 cases were identified in the final analysis (including our case). The average age was 51 years old and female patients accounted for 38.1% (8/21). Brady-arrhythmia was presented in all patients, in addition, one case was combined with ventricle tachycardia and another one with paroxysmal atrial fibrillation, respectively reported by Berry and Koay (15, 21). Symptomatic bradycardia arrhythmia was secondary to NMOSD (9 cases), medullary infarction (8 cases) and multiple sclerosis (4 cases) in sequence. Notably, most of the patients with bradyarrhythmia had lesions in the medulla oblongata, except one patient with cervical cord lesions, one patient associated with midbrain and another case without MRI results.10-12 9 patients were received pacing therapy. 4 of the 9 patients were implanted permanent pacemaker because they were not weaned off pacing support after etiological treatment. Interestingly, none of MS patients had pacing treatment but three of four patients had noticeable improvement. Most of patients had better outcomes after pacing support and treatment of the underlying disease except one death (19).


TABLE 1 Summary of published case reports of bradycardia-arrhythmia associated with the medullary lesion.

[image: A table summarizing patient data across multiple references. Columns include Reference, Age/Sex, Cardiac Manifestations, Medullary Lesion on MRI, Etiology, Treatment for Arrhythmias, and Result. Various conditions and treatments are noted, such as sinus arrest, medulla oblongata lesions, NMOSD, temporary pacemaker, and outcomes like recovery or improvement.]

The anatomical lesion sites of these cases correlated with varied clinical presentations in neurological disorders that impact cardiovascular systems. Lesions in the medulla oblongata, particularly around the area postrema, could cause conducted disruptions manifesting as syncope and arrhythmias (8, 11, 13, 14). Lesions extended to cervical segments in certain cases,which would lead to a broader range of autonomic dysfunction, presenting as severe cardiac symptoms like sinus arrest (9). The spread of lesions to lateral or inferior parts of the brainstem or spinal cord could result in cardiogenic shock. This heterogeneity in lesion sites illustrates the intricate interactions between neuroanatomy and cardiovascular systems, necessitating tailored diagnostic and therapeutic approaches for optimal management of these conditions.

Although pacemaker is effective for treatment of symptomatic bradycardia-arrhythmia in patients with NMOSD, an implanted non-MR-conditional pacemaker may complicate the MR test which plays a key role in the earlier diagnosis of the disease. Pacemaker implantation itself is associated with complications such as infection, leads breakage and leads dislodgement (twiddler syndrome) (27). The bradycardia-arrhythmia in most patients with NMOSD is temporary and reversible when the primary disease is appropriately managed. CNA has been used to treat vasovagal syncope from functional atrioventricular block and/or sinus bradycardia in the recent years. Majority of the literature suggested the technique may be safe and effective in selected population (28). In our case, the profound cardiac asystole was likely mediated through the intrinsic cardiac autonomic nervous system. Catheter ablation of cardiac GPs may represent a better option than a permanent pacemaker insertion. To the best of our knowledge, this is the first instance of CNA successfully and safely removing symptomatic bradycardia arrhythmia in a patient with NMOSD. More research is needed to corroborate our findings.

Several limitations of our study should be acknowledged. There are limited studies in the literature on the treatment of bradycardia-arrhythmia in individuals with medullary disorders. The long-term efficacy of CNA in this specific disease needs to be confirmed in larger population and by registries. Although bi-atrial ablation procedure in this case achieved good outcome, right or left atrial ablation alone may be sufficient as ablating different GP sites may have different effects on sinoatrial and atrioventricular nodal function (29). Cost-effectiveness should be considered in the clinical practice.



4 Conclusions

This case demonstrated that medullary lesions may generate substantial bradycardia and asystole as the initial presentation of NMOSD before the onset of distinct neurological signs. The use of CNA may be more beneficial than implanting a pacemaker permanently. Additionally, the statement also serves as a cautionary reminder for health care professionals to establish an association between bradyarrhythmia and NMOSD in their clinical practice.
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Background: Pregnancy increases the risk of supraventricular tachycardia (SVT) due to physiological changes. This study reviews the management of SVT in pregnant patients in the emergency department (ED).



Methods: We retrospectively analyzed 15 pregnant patients with SVT treated at Shenzhen Second People's Hospital ED from 2015 to 2023. Treatments included vagal nerve stimulation, pharmacotherapy, esophageal pacing, cardioversion, and radiofrequency ablation.



Results: The average patient age was 30.3 years. All presented with palpitations, and none had hemodynamic instability. Treatment success varied: 3 patients reverted spontaneously, 5 responded to vagal stimulation, and 4 to esophageal pacing. One required verapamil, and another responded to labetalol after failing vagal and pacing treatments.



Conclusion: When managing SVT during pregnancy, it is important to consider the patient's stability, the stage of pregnancy, and the safety of medications. For unstable patients, electrical cardioversion is the preferred option; for stable patients, vagus nerve stimulation (VNS) or other alternative treatments, such as adenosine, should be considered.
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Introduction

Arrhythmia incidence is increasing among pregnant women, particularly those with structural heart disease. While most arrhythmias pose no risk to pregnant women or their fetuses, expectant mothers should actively address severe cases. Supraventricular tachycardia (SVT), which includes atrioventricular nodal reentrant tachycardia (AVNRT) and atrioventricular reentrant tachycardia (AVRT), is common among pregnant women (1, 2).

Abnormal heart rhythms in pregnant women result from a complex interplay of physiological, hormonal, and cardiac structural changes. Initially, increased cardiac workload may modify the heart's electrophysiological properties, potentially leading to arrhythmias. In pregnancy, the heart's output and blood volume rise substantially (typically by 30%–50%) to meet the needs of both the fetus and the mother's body. Additionally, the mother's resting heart rate increases by 10–20 beats per minute to handle the elevated blood volume and cardiac output, placing an additional burden on the maternal heart (3–5). Secondly, pregnancy brings significant hormonal changes, including elevated estrogen and progesterone levels. These fluctuations can affect the heart's electrical properties and vascular tone, potentially leading to arrhythmias (6, 7). Concurrently, the autonomic nervous system experiences alterations during pregnancy, marked by decreased parasympathetic activity and increased sympathetic activity. Heightened sympathetic nervous system activity may lead to abnormal automaticity, reentry, or triggering events (8, 9). Additionally, electrolyte imbalances and an elevated basal metabolic rate can affect the heart's normal electrical activity (10). This article investigates the management of supraventricular tachycardia in pregnant women within the emergency obstetric unit of a major teaching hospital.



Methods

We retrospectively analyzed electronic medical records of pregnant women diagnosed with supraventricular tachycardia (SVT) at Shenzhen Second People's Hospital Emergency Department from January 1, 2015, to January 1, 2023. Treatment options include vagal nerve stimulation, pharmacotherapy, esophageal pacing, cardioversion, and radiofrequency ablation. Inclusion criteria:Pregnant women aged between 18 and 45 years.Diagnosis of supraventricular tachycardia (SVT) confirmed by electrocardiogram (ECG), defined as regular tachycardia with an atrial rate exceeding 100 beats per minute, with normal P wave and QRS morphology.

Classification of gestational stages: early (1–12 weeks), mid (13–27 weeks), late (28–40 weeks). Exclusion criteria: Patients with structural heart disease or other serious comorbidities. Patients using medications during pregnancy that may affect cardiac function. Patients who refuse to participate in the study or are unable to provide informed consent. The study was approved by the Ethics Committee of Shenzhen Second People's Hospital, and all patients signed an informed consent form.



Results

From January 1, 2015, to January 1, 2023, the Emergency Department at Shenzhen Second People's Hospital handled 490 cases of supraventricular tachycardia (SVT), including 15 cases related to pregnancy. The baseline information of the patients is shown in Table 1. The average age of these patients was 30.3 ± 4.4 years. Among them, 6 cases occurred during mid-pregnancy, 7 during late pregnancy, and 2 had an unknown pregnancy stage.


TABLE 1 Patient characteristics.

[image: Table displaying demographic data: average age is 30.3 years with a standard deviation of 4.4. Pregnancy term averages 26.9 weeks with a standard deviation of 6.0. History of SVT reported in 7 individuals, making up 47 percent. Average number of previous pregnancies is 0.6 with a standard deviation of 1.11.]

All patients arrived at the emergency room with palpitations, and their hemodynamic status remained stable. One patient experienced chest tightness, another had an upper respiratory infection, and a third presented with abdominal pain.

Seven patients had a history of previous supraventricular tachycardia. Among them, three SVT patients spontaneously reverted to sinus rhythm without specific treatment, five achieved sinus rhythm following vagus nerve stimulation, and four immediately returned to sinus rhythm after esophageal pacing. Additionally, one patient restored sinus rhythm after receiving verapamil, another responded to esophageal pacing when propranolol was ineffective, and a third patient regained sinus rhythm after taking labetalol despite unresponsiveness to vagus nerve stimulation and esophageal pacing.The interventions applied to each patient and the acute and long-term outcomes are shown in Table 2.


TABLE 2 Applied intervention, and acute and long-term outcomes for each patient.

[image: Table listing patients with applied interventions, acute outcomes, and 12-month follow-ups. Interventions include VNS, esophageal pacing, verapamil, and self-recovery. Outcomes are categorized as resolved or unresolved, with follow-up noting recurrence or data availability issues. VNS is identified as vagus nerve stimulation.]

We report a case of a 36-year-old pregnant woman who had experienced three pregnancies, including two full-term deliveries and one miscarriage. At 24 weeks into her fourth pregnancy, she experienced her first episode of supraventricular tachycardia (SVT). On November 26, 2017, she sought medical evaluation due to one day of palpitations and a heart rate of 180 beats per minute. An electrocardiogram confirmed SVT (Figure 1), and cardiac ultrasound showed no significant abnormalities. Fetal ultrasound revealed a normal heart rate, regular cardiac rhythm, and normal fetal-placental circulation. Liver and kidney function, electrolytes, troponin I, myoglobin, and creatine kinase isoenzymes were all within normal ranges. When vagal stimulation was ineffective, sinus rhythm was successfully restored using transesophageal pacing. Later in pregnancy, the patient experienced four SVT episodes. The second and third episodes responded to esophageal pacing, while the fourth and fifth episodes reverted after vagal nerve stimulation. A 31-year-old pregnant woman at 21 weeks of gestation was admitted to the gynecology ward on October 4, 2020, due to lower abdominal pain and vaginal bleeding, which raised concern for a threatened miscarriage. During the miscarriage, the patient experienced episodes of supraventricular tachycardia (SVT). Intravenous administration of 5 mg verapamil successfully restored her heart rate to normal sinus rhythm. On the second day after the miscarriage, the patient experienced a recurrence of supraventricular tachycardia. Despite receiving 5 mg of verapamil, the tachycardia persisted. Subsequently, the patient was referred to the cardiology department, where successful esophageal pacing restored normal sinus rhythm. Detailed echocardiography revealed mitral valve prolapse with moderate to severe regurgitation, left atrial enlargement, and normal left ventricular systolic and diastolic function. The patient declined mitral valve replacement surgery. Additional cardiac electrophysiology tests confirmed atrioventricular nodal reentrant tachycardia (AVNRT) involving dual AV nodal pathways (slow-fast type). Recent literature suggests that MVP can predispose patients to atrial arrhythmias due to changes in atrial structure and function (11). In this case, the patient's MVP presented a challenge in selecting the most appropriate treatment for SVT. We opted for a conservative approach initially, with close monitoring and the use of beta-blockers to control heart rate (12). However, given the recurrent nature of the arrhythmia, we eventually proceeded with radiofrequency ablation, a treatment that has been increasingly supported for its efficacy in high-risk populations.


[image: Electrocardiogram showing multiple leads with rapid, regular, and narrow QRS complexes. Each lead displays consistent patterns, indicating a potential condition such as supraventricular tachycardia.]
FIGURE 1
Electrocardiogram of SVT.




Discussion


Acute treatment

With the increasing incidence of supraventricular tachycardia (SVT) during pregnancy, the emergency department needs to respond swiftly and cautiously when managing such cases. Palpitations prompt patients to seek medical evaluation, and the emergency department is often the initial point of assessment for pregnant women with SVT. Optimal management of SVT in emergent scenarios is critical (13, 14). Common approaches include vagal maneuvers, drug therapy, esophageal pacing, electrical cardioversion, and radiofrequency ablation. Direct current cardioversion is generally regarded as safe and effective throughout pregnancy (1, 15, 16). Although it may trigger uterine contractions, it does not compromise fetal blood flow and carries minimal risk of fetal arrhythmias. However, isolated reports of preterm labor exist (17, 18). While fetal impact from electrical cardioversion is minimal, precautions include proper electrode placement away from the fetus, energy levels of 50–100 J, and continuous fetal monitoring during and after the procedure.

For patients without hemodynamic instability, vagus nerve stimulation (VNS) is the recommended treatment (19). This method achieves an efficacy rate of approximately 27.7%. It involves stimulating the tongue root to induce vomiting, applying cold water to the face, performing the Valsalva maneuver, and massaging the carotid sinus. However, the practice of pressing on the eyeballs is being phased out due to the risk of retinal detachment.

Currently, the modified Valsalva maneuver is the most frequently employed technique for vagus nerve stimulation. In the procedure, the patient is placed in a semi-recumbent position and instructed to forcefully exhale into a syringe for 15 s. Afterwards, the patient is quickly moved to a supine position with legs elevated at a 45°angle, maintaining this posture for 45 s. Typically, results become apparent within one minute. Currently, the modified Valsalva manoeuvre is increasingly praised for its higher success rate as an effective method for terminating SVT in pregnant patients. Recent studies, such as that by Lan Q et al. support the superiority of the modified Valsalva manoeuvre over the standard Valsalva manoeuvre in restoring sinus rhythm (20). Additionally, research by Smith GD et al. also emphasises this point. These studies indicate that the modified Valsalva manoeuvre not only improves the success rate but also reduces reliance on antiarrhythmic medications, thereby minimising the risk of adverse drug reactions. However, if the reentrant pathway responsible for the supraventricular tachycardia rhythm does not directly involve the atrioventricular node, vagus nerve stimulation may not achieve the desired outcomes (21, 22).



Long-term treatment

Currently, there is insufficient clinical research on the effects of anti-supraventricular tachycardia (SVT) drugs on fetuses during pregnancy. All antiarrhythmic medications pass through the placenta, and in theory, they may present risks to both the mother and the fetus. Whenever possible, drug administration should be avoided in early pregnancy, when the risk of congenital malformations is highest. Persistent SVT may necessitate pharmacological treatment. Table 3 summarizes frequently used antiarrhythmic drugs during pregnancy and their potential side effects (1, 23, 24). The selection of antiarrhythmic drugs requires caution to ensure the safety of both mother and child. The study by Fischer AJ et al. emphasizes the specific risks and benefits that need to be considered when using these drugs during pregnancy (25).


TABLE 3 Commonly used antiarrhythmic drugs for treating SVT and their associated side effects.

[image: Table showing various drugs with details on VW class, FDA category, placenta permeability, transfer to breast milk, and adverse effects. Drugs include Propafenone, Atenolol, Bisoprolol, Metoprolol, Propranolol, Sotalol, Amiodarone, Diltiazem, Verapamil, and Adenosine. Adverse effects range from bradycardia to growth retardation, hypoglycemia, fetal hypothyroidism, heart block, and others. Specific adverse effects are listed for each drug, with some lacking human data.]

Adenosine, which has a half-life of less than 10 s, is considered safe. Both the European Society of Cardiology (ESC) and the American Heart Association (AHA) guidelines recommend adenosine as the first-line treatment for pregnant women with supraventricular tachycardia (SVT). The initial intravenous dose is 6 mg, with the possibility of administering a 12 mg dose if needed. Common adverse reactions include transient chest pain and breathlessness. Additionally, there have been reports of fetal heart rhythm effects following adenosine use for cardioversion in pregnant women with supraventricular tachycardia (SVT), although some cases did not show any impact on the fetus (26–28). Owing to limited availability of adenosine raw materials in China, numerous hospitals face shortages of adenosine medication.

Extensive clinical experience supports using beta-blockers to treat hypertension during pregnancy. According to the guidelines from the European Society of Cardiology (ESC) and the American Heart Association (AHA), beta-blockers are recommended as a second-line treatment for pregnant women with supraventricular tachycardia (SVT) when adenosine is ineffective or contraindicated. Adverse effects, including fetal bradycardia, growth restriction, and preterm birth, have been thoroughly documented. Metoprolol and propranolol are commonly prescribed medications, whereas atenolol is not recommended due to reduced protein binding, an increased risk of adverse fetal effects, and higher breast milk levels (29–32).

When adenosine and β-blockers are viable treatment options, it is recommended to steer clear of calcium channel blockers due to documented potential adverse effects, such as fetal bradycardia and fetal heart block (33). However, current guidelines continue to endorse STV as the initial treatment for long-term management, with a specific recommendation for verapamil use. However, the use of diltiazem remains controversial due to documented potential lethal and teratogenic effects observed in animal studies (34).

Propafenone is a viable choice for pregnant women with non-organic heart disease who do not respond to the previously mentioned treatments or medications. However, amiodarone, which significantly affects both fetal and maternal thyroid function, is reserved for severe arrhythmias that do not respond to other treatments or pose life-threatening risks (1, 20).

According to the latest guidelines from the European Society of Cardiology (ESC) and the Heart Rhythm Society (HRS), the recommendation level for catheter ablation in the management of supraventricular tachycardia (SVT) is IIA, with a level of evidence rated as C (1). Catheter ablation is suitable for patients with SVT who have significant symptoms and for whom drug treatment has been ineffective, particularly when performed at experienced centres. For patients experiencing severe symptoms or with impaired cardiac function, catheter ablation may be an effective treatment option. The ESC and HRS recommend considering catheter ablation for symptomatic patients with recurrent SVT prior to planned pregnancy, in order to reduce the risks and complexities of treatment during pregnancy.

During the catheter ablation process, it is crucial to avoid the use of fluoroscopy to reduce the potential teratogenic risk to the fetus. Zero-fluoroscopy radiofrequency ablation is an advanced cardiac catheter ablation technique that does not rely on traditional x-ray fluoroscopy but instead utilises technologies such as three-dimensional electroanatomical mapping systems and intracardiac echocardiography to guide the ablation process. A meta-analysis involving over 9,000 patients has shown that zero/minimal fluoroscopy SVT ablation can be performed safely. This indicates that the technique has been proven safe in a large patient population, with no significant complications reported (35). During the catheter ablation process, diaphragm puncture may be required. This is a routine procedure when using fluoroscopic guidance, but it can be more challenging to perform without fluoroscopy. However, scientific data suggest that this procedure can be carried out safely even in the absence of relevant experience (36).

Reentry is the primary electrophysiological mechanism responsible for supraventricular tachycardia (SVT). Esophageal pacing, a non-invasive electrophysiological technique, delivers stimulation pulses to the excitable gap within the reentry circuit. By inducing a new refractory period, it interrupts the forward or backward pathway of the reentry circuit, ultimately stopping the tachycardia. Usually, a cardiac electrophysiology recorder is used, and an esophageal electrode is inserted through the patient's nasal cavity to a position in the esophagus aligned with the left atrium. The ideal atrial pacing site is identified when the esophageal lead detects a tall, biphasic, or multiphasic P wave. Overdrive suppression, underdrive suppression, programmed stimulation, and short burst stimulation are effective methods for stopping tachycardia. While esophageal pacing is common in China, it is rarely reported in Western countries (37).




Limitations

First, being a retrospective descriptive study, its design has inherent limitations. Second, since this is a single-center study, the research findings may not generalize to all populations. Additionally, the small sample size is influenced by the specific characteristics of the study population. Therefore, more diverse populations and higher-level clinical trials are needed.



Conclusions

In managing SVT during pregnancy, it is crucial to consider the patient's hemodynamic stability, the stage of pregnancy, and the safety profile of medications. For patients with hemodynamic instability, electrical cardioversion remains the preferred option. For those with stable hemodynamics, initial treatment with vagal maneuvers such as the modified Valsalva maneuver is recommended, with adenosine or other pharmacological interventions considered if vagal maneuvers fail. Our experience highlights the variability in treatment response and the importance of a tailored approach to long-term management, emphasizing the need for close follow-up and readiness to adjust treatment as necessary.
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Background: Dextrocardia is a rare congenital condition, affecting approximately 1 in 10,000–12,000 individuals. When combined with atrial fibrillation (AF), it becomes even rarer. “One-stop” surgery, including combined radiofrequency ablation (RFA) and left atrial appendage occlusion (LAAO), has become a common clinical treatment for patients with AF who develop cerebral infarction despite regular oral anticoagulants. To date, no cases have been reported of patients with AF and dextrocardia undergoing the “one-stop” procedure, making this surgery particularly challenging.



Case presentation: An 85-year-old dextrocardia male with total visceral inversion and persistent AF developed cerebral infarction despite regular oral anticoagulation therapy. He was referred to our hospital for RFA of AF and LAAO. The procedure was successfully performed using a three-dimensional electroanatomical mapping system (Carto3, Biosense Webster, Diamond Bar, CA, USA), intracardiac echocardiography (ICE), and x-ray, with no complications.



Conclusion: This is the first reported case of a “one-stop” surgery for dextrocardia with AF. This procedure is safe and feasible with the assistance of advanced technologies such as ICE and the VIZIGO bidirectional adjustable bent sheath.
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Introduction

Dextrocardia is a congenital malposition of the heart that occurs in approximately 1 in 10,000–12,000 individuals (1). Radiofrequency ablation (RFA) has recently become widely used to treat atrial fibrillation (AF). Additionally, left atrial appendage occlusion (LAAO) is increasingly accepted to prevent cerebral infarction and bleeding complications associated with oral anticoagulant therapy (2). While there have been reports of RFA and LAAO procedures performed in patients with dextrocardia (3–5), there have been no reports of the simultaneous “one-stop” surgery (combined RFA and LAAO) in this patient population.



Case description

An 85-year-old male patient with dextrocardia (Figure 1) was hospitalized 4 years ago due to cerebral infarction, during which an electrocardiogram revealed AF. He was later referred to our hospital after recurrent cerebral infarctions despite regular oral anticoagulant therapy (rivaroxaban 15 mg/day). A 24 hour Holter electrocardiogram confirmed persistent AF (Figure 2). The patient's CHA2DS2-VASc score was 5, and his HAS-BLED score was 3, both indicating the need for “one-stop” surgery (6, 7). After explaining the risks and benefits of the procedure, the patient agreed to proceed with treatment after signing the informed consent form.


[image: Three-panel medical illustration of the heart. Panel A shows labels for the left atrium (LA) and right atrium (RA). Panel B shows the left atrial appendage (LAA), left ventricle (LV), right ventricle (RV), right atrium (RA), and pulmonary veins (PV). Panel C shows a detailed view of the heart's atrial structures.]
FIGURE 1
(A) Computed tomography (CT) three-dimensional (3D) reconstruction of the heart (RA, right atrium; LA, left atrium); (B) CT 3D reconstruction of the heart (LAA, left atrial appendage, LV, left ventricle, PV, pulmonary vein, RA, right atrium, and RV, right ventricle); (C) CT 3D reconstruction of the left atrium.



[image: Electrocardiogram (ECG) with twelve leads showing irregular, rapid heartbeats. Each lead has distinct waveform patterns, indicating possible cardiac arrhythmias. Notable variations are visible across different leads.]
FIGURE 2
Electrocardiogram of a patient with atrial fibrillation.


Given the patient's advanced age and dextrocardia, the heart structure was relatively complex. To ensure a safe “one-stop” procedure, we used ICE to exclude LAA thrombus, assist with puncture guidance, and monitor the pericardium. The ventricular electrode was advanced under fluoroscopy in an anteroposterior view, while the coronary sinus electrode was introduced under fluoroscopic guidance at a 45° right anterior oblique view. Despite thorough preparation, transseptal (TS) puncture was a challenging task. Fortunately, we completed it under ICE and x-ray guidance, with fluoroscopic angles opposite those typically used in standard TS punctures. The needle tip was directed toward the patient's leg at 10–11 o'clock, contrary to the usual 4–5 o'clock direction, with the puncture site confirmed under a 45° left anterior oblique view and ICE (Figure 3). A long guide wire was inserted in the right anterior oblique position to confirm entry into the left atrium (LA). Heparin (6,000 IU) was administered based on the patient's body weight, and the activated coagulation time was maintained at 250–300 s. A Pentaray electrode was used to construct the electroanatomical voltage mapping of the LA and pulmonary veins (Figure 4A). Bilateral pulmonary vein isolation was performed during AF (Figure 4B), and no pulmonary vein potentials were detected after a 30 min observation period.


[image: X-ray images A and B show cardiac catheterization with catheters visible. Ultrasound images C and D depict the heart, with C highlighting a puncture point indicated by an arrow.]
FIGURE 3
(A) X-ray image of the first transseptal (TS) puncture at position A–P; (B) X-ray image of the second TS puncture, taken at a 180° mirror image; (C) Intracardiac echocardiography (ICE) image of the first TS puncture; and (D) ICE image of the second TS puncture.



[image: Panel A shows a 3D cardiac mapping visualization with purplish and multicolored areas indicating electrical activity. Panel B displays a similar heart model with a teal surface and red nodes representing areas of interest. Both panels include anatomical orientation diagrams.]
FIGURE 4
(A) Left atrial electroanatomical map during atrial fibrillation; (B) ablation map.


After withdrawing the ablation catheter, we attempted to place the pig-tail catheter into the LAA along the TS sheath. However, due to the initial puncture site being backward and upward, we performed a second TS puncture. This second puncture differed in two key aspects: (1) the patient had an atrial septal aneurysm (ASA), which made it difficult to direct the Swartz sheath to the proper puncture site. Therefore, we used the VIZIGO bidirectional adjustable bent sheath; and (2) we adjusted the angiographic system settings to achieve a 180° mirror image (Figure 3). Though the process was challenging, the second puncture site was lower, facilitating subsequent LAAO. The LAA was angiographically evaluated, and its size was measured. A LAAO-I 28 device was selected and deployed under x-ray guidance. Both final angiographic and ICE results were excellent, with no peridevice leaks detected after the procedure (Figure 5). The patient continued to receive rivaroxaban (15 mg/day) and amiodarone (200 mg/day) after surgery. At the 3-month follow-up, the patient remained in sinus rhythm (Figure 6) with no postoperative complications. The oral anticoagulant therapy was discontinued, and the patient was switched to aspirin (100 mg/day) and clopidogrel (75 mg/day) for antiplatelet therapy (Table 1).


[image: Panel A shows a grayscale X-ray image of medical instrumentation inside a chest cavity, with visible outlines of equipment and anatomical structures. Panel B depicts an ultrasound image of the heart with surrounding text showing ultrasound settings, including frequency and power levels.]
FIGURE 5
No peridevice leaks were detected after the procedure, as shown in x-ray (A) and intracardiac echocardiography (B).



[image: Electrocardiogram (ECG) showing multiple lead tracings, labeled from I, II, III, aVR, aVL, aVF, V1 to V6. Each line displays heart rhythm patterns with P waves, QRS complexes, and T waves on a grid background.]
FIGURE 6
The electrocardiogram of the patient remained in sinus rhythm 3 months after the procedure.



TABLE 1 A table displaying the timeline with relevant data from the episode of care.

[image: Timeline detailing medical events and treatments: March 15, 2023 - cerebral infarction with congenital total visceral inversion; March 15 to April 11, 2023 - oral anticoagulant (Rivaroxaban 15 mg/day); April 11, 2024 - recurrent cerebral infarction; May 29, 2024 - "one-stop" surgery; May 29 to September 1, 2024 - Rivaroxaban 15 mg/day; September 1, 2024 to present - aspirin 100 mg/day and clopidogrel bisulfate 75 mg/day.]



Discussion

As far as we know, this is the first reported case of successful “one-stop” surgery in a patient with dextrocardia. Despite encountering some unexpected challenges, the procedure proceeded smoothly and safely, ultimately delivering significant benefits to the patient.

The cardiac anatomy of patients with dextrocardia differs from that of individuals with normal heart positioning, which undoubtedly increases the difficulty of the surgery. According to previous literature (3–5), adjusting the settings of the angiographic system to achieve a 180° mirror image may be highly beneficial to the success of the operation.

ICE plays two key roles during the procedure: (1) detecting the pericardium by advancing the ICE catheter through the femoral vein into the middle of the right atrium to establish the “Home View”, then withdrawing it to the “Euclistosis ridge” view of the lower right atrium. The catheter is then bent forward across the tricuspid valve into the right ventricle and rotated counterclockwise after slightly easing the bend, and (2) assisting with TS puncture by slightly advancing the ICE catheter from the “Home View” and rotating it counterclockwise by approximately 90° to visualize the fossa ovalis.

Accurate localization of the TS puncture site is crucial for performing “one-stop” surgery in patients with dextrocardia and AF. Given the challenges associated with TS puncture in these cases, intraoperative ultrasound imaging is essential, particularly when dealing with complex atrial septal anatomies (e.g., thickened interatrial septum and ASA). The VIZIGO bidirectional adjustable bent sheath can assist in the puncture. Moreover, a lower TS puncture site is critical for patients with dextrocardia to complete LAAO successfully.

This case, however, has certain limitations and deficiencies. For example, (1) the postoperative follow-up period is relatively short, and (2) this is a single case, which makes it difficult to generalize the findings to a broader population.
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During pacemaker generator replacement, difficulties may arise with the set screw not being properly engaged, a situation referred as a “frozen lead”. We reported a case of an 88-year-old woman with a 15-year-old generator and increasing impedance of the right atrial lead. The disruption of the silicone plug and removal of the hidden metal ring facilitated successful disconnection of the generator without damaging the lead. Postoperative assessments demonstrated normalized right atrial lead impedance and stable parameters at follow-up. This case highlights the effectiveness of a minimally invasive approach to managing frozen leads, providing valuable insights in similar clinical scenarios.
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Introduction

With the extension of life expectancy due to advancements in public health measures and medical care, the incidence of cardiac implantable electronic devices (CIED) implantation has steadily increased over the past 50 years. As a result, the frequency of generator replacement procedures has also risen significantly, particularly due to end-of-service or other factors, becoming a more common procedure in electrophysiology laboratories. The leads are securely connected to the pulse generator head using a screw-in method that requires a universal screwdriver. During a pulse generator replacement procedure, the leads must first be unscrewed and disconnected from the old generator before being attached to a new one. Unfortunately, it is not always easy to unscrew and disconnect all leads—a situation referred to as “frozen lead”. In such cases where the leads may become stuck in the connector and cannot be removed, several approaches have been described until now. Report on usage of orthopedic electrical drill to create a channel through the plastic head of the generator was published previously (1). Erne et al. have attempted to facilitate lead disconnection using specific solvents such as ethanol or dimethyl sulfoxide (2). Setscrew damage is thought to be the most common cause of “frozen lead”. Recently, a simple method using an aseptic latex glove to enhance torque while unscrewing the lead was reported (3). Since there is no established standard approach for this issue, we present our case and introduce a simple first step to address this problem.



Case presentation

An 88-year-old female patient was scheduled for a generator replacement due to battery depletion. She had undergone implantation of an Abbott DDDR pacemaker for sick sinus syndrome 15 years ago. The generator was an Identity ADx XL DR 5386, and the RA and RV leads were IsoFlex® S (Models 1642T and 1646T, respectively). Her follow-up course had been uneventful, with the exception of a gradual increase in the bipolar right atrial (RA) lead impedance, rising from approximately 900 ohms to 1,600 ohms over the past year. Prior to surgery, alternative management strategies were thoroughly discussed with the patient, including the implantation of a new RA lead with or without lead extraction or retaining the existing lead in place.

In the operating room, following a skin incision and dissection of the surrounding tissue and capsule, the old pulse generator was successfully extracted. Upon inspection, an unusual dark brown discoloration was noted in both pin ports (Figure 1). While the RV lead was easily unscrewed, difficulty was encountered with the RA lead. The screwdriver was unable to properly engage the set screw through the silicone plug, the mechanism of which was unclear. Despite attempts to manipulate the screw from various angles and cleaning the hexagonal socket with fine tweezers and a needle, the screw remained inaccessible.


[image: Electronic device resembling a kidney shape with transparent casing, exposing internal components. A yellow arrow points to a section on the left, and a red arrow points to the top section. Device rests on a green fabric background.]
FIGURE 1
The dark brown discoloration of the RA (red arrow) and RV (yellow arrow) pin ports.


We decided to disrupt the silicone plug, and we ensured that the pacemaker incision site and pocket were carefully covered with a surgical drape prior to disrupting these parts for preventing any components loss. An illustration of the normal position of silicone plug, metal ring, setscrew, pin with coagulated blood, and the disruption procedure were provided in Figure 2. After disrupting the silicone plug, a small metal ring was exposed. Once the metal ring was removed, direct visualization of the hexagonal socket was achieved. Additional cleaning with a 22-gauge needle allowed the screwdriver to securely engage the socket, and the RA lead was successfully unscrewed (Figure 3). Upon testing, the parameters of both leads were within normal limits, with the RA lead impedance reduced to 1,175 ohms.


[image: Diagram and photos of a medical device. The diagram shows a cross-sectional view, illustrating components like a silicone plug, metal ring, setscrew, and pin with coagulated blood. Two photos show gloved hands holding and adjusting a clear component with a tool.]
FIGURE 2
Illustration of the pacemaker connector assembly and the disruptive procedure. Upper left: normal composition of the connector, showing the silicone plug, metal ring, setscrew, and lead pin in their standard positions; Lower left: connector with coagulated blood observed in the pinhole, likely originating from the silicone plug; Right: disruption of the silicone plug using a screwdriver, demonstrating the process to expose the setscrew for lead disconnection.



[image: A pacemaker labeled "St. Jude Medical" is placed on a green fabric. To the right are three separated components indicated by arrows: a transparent part, a small ring, and a coiled spring. Further right, a white tool and a needle are visible.]
FIGURE 3
The blue arrow showed the original position of the setscrew (yellow arrow) and silicone plug (red arrow). We used a screw driver and a 22-gauge needle (right side of the figure) for removing the silicone plug and cleaned up the hexagon head of the setscrew head.


A new generator was connected to the leads and placed back into the pocket. The patient was discharged uneventfully the next day as planned. She returned to our outpatient clinic 13 days later, at which time all parameters remained within normal range, including an RA lead impedance of 940 ohms.



Discussion

The incidence of lead entrapment during pulse generator replacement has been reported to range from 1.2% to 12.5% (1, 4–6). Due to lack of official experts or manufacturers guidelines and limited clinical data, operators may encounter difficulties when they are unable to disconnect the leads. The last resort to resolve this issue is to cut the lead and implant a new one. However, this approach results in an abandoned lead, prolongs the procedure time, increases the risk of infection, and compromises future magnetic resonance imaging.

Several methods have been proposed to manage “frozen lead”, including the use of orthopedic electrical drills or scalpel blades to create a new channel from the plastic head to the lead pin (1, 5, 6), bone cutters and razor saws for cutting the generator head (4, 7), and specific solvents to facilitate the disconnection of stuck leads (2). Despite these options, each method poses potential risks of lead damage and safety concerns for the operator when handling these tools. Recently, Gobeli et al. reported two successful cases using latex rubber gloves to enhance screwdriver engagement and improve torque during unscrewing, offering an easy and less destructive alternative (3).

In our case, we used a screwdriver and tweezers to remove the silicone plug and metal ring covering the setscrew, which allowed us to better understand the mechanism of the “frozen lead”. Although setscrew damage has been reported as the most common cause of “frozen lead” (3), we emphasize the importance of identifying the root cause by removing the silicone plug. In our case, some blood clots had accumulated at the head of the setscrew, deforming it and preventing proper engagement of the screwdriver. Furthermore, blood clots were also observed on the pins of both leads, which we believe contributed to the rising RA lead impedance. This was further supported by the normalization of RA impedance after we removed the clotted blood from the pin. Hybrid system with lead-generator incompatibility is another possibility to consider when sporadic impedance spikes was observed (8). To our knowledge, this is the first reported case highlighting this mechanism, and our simple technique of removing silicone plug and metal ring over the setscrew can be an effective routine first step in managing this issue.

This was our first and only case utilizing this strategy to successfully manage a “frozen lead.” The effectiveness of this approach in cases of deviated or damaged set screws requires further evaluation. Additionally, this technique may not be applicable to cases where “frozen lead” occurs due to mechanisms other than set screw damage. However, given its minimally disruptive nature, this technique could be considered if Gobeli's latex glove technique has been attempted without success, and before resorting to orthopedic electrical drills.



Conclusion

In this case, the use of a minimally invasive technique involving the removal of the silicone plug and metal ring enabled successful detachment of a “frozen lead” without lead damage. This approach provides a valuable rescue option before progressing to more invasive options.
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Reference

Age/
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Cardiac
manifestations

Medullary lesion on MRI

Etiology

Treatment
for ARS

Result

Bigi et al. (8) 16y/M | Sinus bradycardia Area postrema Recovery
Okada et al. (9) | 78y/M | Cardiorespiratory arrest, Medulla oblongata to C2, C3/4-C4 NMOSD - Partially improved, still
syncope for twice unable to walk
Zhou etal. (10) | 44y/M | Recurrent syncope Dorsal medulla oblongata, hypothalamus, | NMOSD | - Recovery
aqueduct of midbrain
Komaki et al. (11) | 77y/M | Sinus arrest, syncope for once | Area postrema NMOSD | TPM Improved, TPM removed
after therapy, no syncope
Endoetal (12) |22y/F | Sinus arrest, syncope for once | Dorsal medulla oblongata NMOSD | TPM Markedly improved,
TPM removed before
therapy, no syncope
Tsouris et al. (13) | 42y/M | Sinus arrest, recurrent syncope | Lower part of the medulla oblongata NMOSD | PPM Recovery
(dorsal vagal complex), optic nerve
Hamaguchi et al. | 77y/F | Sinus arrest, recurrent syncope | Dorsal medulla oblongata, cervical cord | NMOSD | PPM Partially improved, no
(14 syncope
Berry etal. (15) | 53y/M | Sinus pauses, sinus bradycardia, | Anterior third ventricular floor, fourth | NMOSD | PPM Recovery
ventricular tachyarthythmia | ventricular floor, hypothalamus, optic
chiasm, T5/6 level of spinal cord
Our patient 34y/F | Sinus arrest, recurrent syncope | Dorsal medulla oblongata, cervical cord | NMOSD TPM, CNA Markedly improved,
TPM removed afer
therapy, no syncope
Funakawaetal. | 54y/F | Recurrent syncope Upper cervical cord and C5-C6 region | Multiple - Recovery
a6) sclerosis
Sakakibara et al. | 31y/F | Orthostatic hypotension, Left posterior peduncle, left parietal area, | Multiple - Improved
a7) recurrent syncope caudal paramedian tegmentum and the | sclerosis
base of the medulla
Jurié etal. (18) | 20y/F | Sinus bradycardia Left cerebellar hemisphere, and midbrain | Multiple - Improved
sclerosis
Nagashima et al. | 64y/F | Sinus bradycardia No MRI result Multiple = Died after 5y
19) sclerosis
von Heinemann | 45y/M | Sinus arrest, recurrent syncope | Right dorsolateral medulla Infarction | TPM, Markedly improved,
etal. (20) TPM removed after
therapy, no syncope
Koayetal. (21) | 52y/M | Paroxysmal atrial fibrillation, | Left lateral medulla, left medial cerebellar | Infarction | PPM Markedly improved
sinus arrest hemisphere
Alloush et al. (22) | 64y/M | Recurrent syncope, sinus arrest, | Left-sided dorsal lateral medulla Infarction | PPM Recovery
sinus bradycardia
Mesquita etal. | 50y/M | Recurrent syncope Inferior lateral right medulla oblongata | Infarction | - Recovery
(23)
Takazawa etal. | 78y/F | Sinus arrest, cough syncope, | Bilateral medial regions and right Infarction | - Improved
@ hypotension tegmentum
Leeetal (24) | 55y/M | Recurrent syncope, sinus arrest, | Left lower lateral medulla oblongata Infarction | - Markedly improved
sinus bradycardia
Huynh et al. (25) | 67y/M | Pre-syncope Right-sided dorsolateral medulla Infarction | — Improved
Gofton et al. (26) | 60y/M | Syncope, sinus bradycardia Right sided lateral medullary infarction | Infarction | ~ Improved
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