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Notice to the Reader

This book is intended as a practical reference for electrophysiologists, radiologists, cardiologists, cardiac imaging fellows, radiographers, and other healthcare professionals involved in the acquisition, interpretation, and clinical integration of cardiac computed tomography within electrophysiology workflows. It is designed to support — not replace — clinical judgement, institutional protocols, and individualised patient care.

Cardiac CT in electrophysiology is a rapidly evolving field. While every effort has been made to ensure that the protocols, workflows, and recommendations presented in this book reflect current evidence and professional standards at the time of publication — including guidance from the Society of Cardiovascular Computed Tomography, European Association of Cardiovascular Imaging, European Society of Cardiology, Heart Rhythm Society, American College of Cardiology, and American College of Radiology — readers should consult the most up-to-date guidelines, device recommendations, and regulatory standards before applying any approach described herein.

Key Clinical Considerations

Acquisition, Contrast, and Radiation

All acquisition and contrast protocols should be aligned with current manufacturer guidance and institutional policies. Radiation exposure must follow the ALARA principle and applicable diagnostic reference levels, with dose optimisation tailored to patient characteristics, heart rhythm, and scanner capabilities. Protocols presented in this book are intended as adaptable frameworks rather than fixed standards.

Clinical and Procedural Decision-Making

The imaging strategies, anatomical interpretations, and planning approaches described in this book are intended to inform — not dictate — clinical decisions. Cardiac CT findings must always be integrated with the full clinical context, including arrhythmia characteristics, comorbidities, prior procedures, and electrophysiological data.

Integration and Technology

CT integration with electroanatomic mapping systems and procedural platforms depends on system configuration, data quality, and operator expertise. Variability in segmentation, registration, and real-time alignment should be anticipated, and all datasets should be critically validated before procedural use.

Artificial Intelligence

AI-assisted tools described in this book reflect current validated applications but remain subject to ongoing development and regulatory oversight. They should not replace expert interpretation. Users are responsible for verifying the performance, limitations, and approval status of any AI system used in practice.

Professional Responsibility

Cardiac CT acquisition, interpretation, and procedural integration should be performed by appropriately trained professionals within suitable clinical environments. Any medicolegal discussion in this book is provided for educational purposes only and does not constitute legal advice.

Scope and Limitations

The concepts, workflows, and case-based examples presented are intended to improve understanding and reduce error, but do not guarantee specific outcomes. Clinical interpretation and procedural planning inherently involve uncertainty, and the responsibility for patient care remains with the treating clinician.

Disclaimer

The author and publisher have made every reasonable effort to ensure that the information contained in this publication is accurate at the time of publication. However, they disclaim any liability for loss, injury, or damage resulting from the use or interpretation of this material.

All clinical decisions and applications remain the sole responsibility of the practitioner, who must exercise independent professional judgement in every case.
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Cardiac computed tomography has undergone a remarkable transformation over the past two decades. What began as a tool for coronary artery imaging has evolved into an indispensable component of the modern electrophysiology workflow. Today, CT shapes how we plan ablations, exclude thrombus, select devices, assess substrate, and navigate the most complex anatomies in the catheter laboratory. Yet despite this expanding role, no dedicated practical resource has brought together the full breadth of cardiac CT as it applies specifically to electrophysiology — until now.

This book was conceived from a simple observation: electrophysiologists, cardiac imagers, and trainees increasingly work side by side in the EP lab, yet they often speak different languages when it comes to imaging. The electrophysiologist wants to know whether the pulmonary veins are suitable for ablation, whether the left atrial appendage is free of thrombus, and whether an epicardial approach is safe. The imager wants to know which protocol to use, which measurements matter, and how to communicate findings in a way that directly influences procedural decisions. This book is written for both — and for the trainees who will one day do both.

Cardiac CT for Electrophysiology: Practical Insights is not a comprehensive CT textbook, nor is it an electrophysiology manual. It occupies the space between the two: a procedure-oriented, clinically grounded guide to how CT is acquired, interpreted, and applied across the EP pathway. Structural heart interventions are touched upon only where they are directly relevant to EP practice — most notably in the context of left atrial appendage occlusion, which sits at the intersection of both disciplines — but the focus throughout remains firmly on arrhythmia management and device therapy.

The book is organised to reflect the natural flow of clinical practice. Part I establishes the technical and workflow foundations that underpin every subsequent chapter. Parts II through V move systematically through the major EP indications — atrial fibrillation and supraventricular arrhythmias, left atrial appendage occlusion, ventricular arrhythmias and VT ablation, and cardiac implantable electronic devices and resynchronisation therapy. Part VI addresses complex and emerging scenarios, including congenital heart disease, hybrid EP lab workflows, and the rapidly evolving contributions of artificial intelligence and computational modelling. Part VII is deliberately practical: standardised protocols, reporting templates, one-page quick references, case-based learning, and checklists that can be taken directly into clinical use.

Each chapter is written with a specific clinical question in mind. Rather than cataloguing everything CT can show, we have tried to answer what CT should show, when it should be performed, and equally — and perhaps unusually for a CT book — when it should not. Honest discussion of limitations, appropriate use, and the boundaries between CT and competing modalities runs throughout the text.

This book has been written for a broad readership. Electrophysiologists will find a reference that translates CT anatomy and measurements into procedural decisions. Cardiac imagers and radiologists will find guidance on EP-specific protocols, reporting standards, and the procedural context that gives meaning to their findings. Fellows and trainees in both disciplines will find a structured pathway from first principles to complex cases. We hope that scrub nurses, cardiac physiologists, and other EP lab professionals will also find value in understanding how CT informs the procedures they support daily.

The field is moving quickly. Photon-counting CT, AI-driven segmentation, real-time imaging integration, and CT-based computational arrhythmia modelling are no longer distant prospects — they are entering clinical practice now. Where relevant, we have addressed these developments not as speculation but as emerging tools that will reshape the workflows described in this book. A final chapter on training, standardisation, and evolving guidelines reflects our belief that the value of CT in electrophysiology depends not only on the technology, but on the expertise and collaboration of those who use it.

We hope this book becomes a trusted companion in your clinical practice — consulted before a challenging procedure, referenced when an unexpected finding demands a decision, and returned to as your practice evolves.


Taha Othmane
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How to Use This Book (Readers Pathway)

[image: ]


Cardiac CT for Electrophysiology: Practical Insights is designed to serve readers with different backgrounds, different levels of experience, and different immediate clinical needs. It can be read cover to cover as a structured learning journey, or consulted selectively as a procedural reference. The following pathways are offered as a guide.

The Book at a Glance


	Part

	Focus

	Primary Use


	Part I

	Foundations and clinical workflow

	Build or consolidate core knowledge


	Part II

	AF and supraventricular arrhythmias

	Pre-, peri-, and post-procedural AF ablation


	Part III

	Left atrial appendage occlusion

	LAAO planning and follow-up


	Part IV

	Ventricular arrhythmias and VT ablation

	VT substrate assessment and ablation planning


	Part V

	CIED and CRT

	Device planning, complications, and extraction


	Part VI

	Complex scenarios and emerging practice

	Advanced cases, AI, hybrid workflows


	Part VII

	Protocols, cases, and checklists

	Day-to-day clinical and procedural reference




Reader Pathways

For the Electrophysiologist

	You may already have a working familiarity with how CT images look, but want to understand more deeply what CT can — and cannot — tell you before, during, and after your procedures. We recommend:


	Start with Chapter 1 for an overview of where CT adds value across the EP workflow, and Chapter 5 for a practical understanding of how to integrate CT into your pre-procedural planning and laboratory routine.

	Go directly to the relevant procedure-specific part (Parts II–V) for your area of practice. Each procedural section is written with the operator's clinical question at the centre.

	Use Part VII (Chapters 25–27) as a day-to-day reference: the protocols, reporting templates, one-page quick references, and checklists are designed to be used in clinical practice, not just read.

	Chapters 7.6 and 8.6 — on when CT should not be performed and when mapping alone is sufficient — are particularly relevant for appropriate use decisions in your department.

	If you are building or refining a CT programme for your EP lab, Chapters 3 and 5 provide a practical framework for protocol design and workflow integration.


For the Cardiac Imager or Radiologist

You are comfortable with CT acquisition and post-processing, but may be less familiar with the procedural context that gives meaning to your findings. We recommend:

	Begin with Chapter 1 to understand the landscape of EP procedures that CT supports, and use Chapters 2–4 to consolidate or refine your knowledge of EP-specific physics, protocols, and post-processing.

	Read Chapters 6, 12, and 15 carefully — these anatomy chapters are written specifically to link CT findings to procedural implications, rather than anatomy for its own sake.

	Focus on the structured reporting subsections in Chapters 7, 13, 17, and 25, which provide templates designed for direct clinical use and effective communication with the EP team.

	Chapter 5 (end-to-end workflow) and Chapter 27.4 (communication between imaging and EP teams) will help you understand the operational context in which your reports are received and acted upon.

	Chapter 28 — checklists and pitfalls — is strongly recommended: the consequences of imaging errors in EP are procedural, and understanding these drives higher-quality reporting.


For the Fellow or Trainee

Whether you are training in electrophysiology, cardiology, or cardiac imaging, this book provides a structured entry point into a rapidly evolving and clinically important area. We recommend:

	Read Part I in full (Chapters 1–5) before moving to procedure-specific content. This will give you the technical language, workflow context, and conceptual framework to make sense of everything that follows.

	Work through Parts II–V sequentially if you are building broad knowledge, or focus on the part most relevant to your current rotation or clinical exposure.

	Use the case-based learning chapter (Chapter 26) actively: try to form your own interpretation before reading the discussion, and use cases to consolidate knowledge from the corresponding didactic chapters.

	Chapter 27.5 (training pathways and competency benchmarks) outlines what structured training in cardiac CT for EP looks like and can help you plan your own development.

	Where a topic is new to you, the "Practical trade-offs" and "Limitations" subsections throughout the book are especially valuable — understanding what CT cannot do is as important as understanding what it can.


For the EP Lab Professional (Cardiac Physiologist, Scrub Nurse, Radiographer)

You work in the EP laboratory and support the procedures this book describes. While the technical depth of some chapters may go beyond your immediate clinical role, we hope this book helps you understand the imaging context behind the procedures you perform daily. We recommend:

	Chapter 1 for a broad overview of why and when CT is used in EP.

	The introductory sections of Parts II–V for procedure-specific context relevant to your work.

	Chapter 5 for understanding how CT data is transferred and used intra-procedurally in the lab.

	Chapter 27 for checklists and communication guidance relevant to team-based EP practice.


A Note on Cross-Referencing

Where topics overlap between chapters — for example, CT–EAM integration is covered both in the AF section (Chapter 8) and in the VT section (Chapter 17.4) — each treatment is written to stand alone in its procedural context, while cross-references guide readers who wish to explore the topic more broadly. Protocols and templates in Part VII are cross-referenced to the relevant procedural chapters throughout the book.
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PART I  – FOUNDATIONS & CLINICAL WORKFLOW​



CHAPTER 1   Introduction to Cardiac CT in Electrophysiology
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1.1.  Rationale for CT in the Modern EP Era
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The field of cardiac electrophysiology (EP) has undergone a fundamental transformation over the past two decades. Catheter ablation, device implantation, and structural interventions for arrhythmia management have grown substantially in complexity and volume, driven by an ageing population with increasing burdens of atrial fibrillation (AF), heart failure, and ventricular arrhythmias. These advanced procedures demand not only technical skill but also precise anatomical knowledge — knowledge that conventional fluoroscopy and two-dimensional (2D) echocardiography are increasingly unable to provide alone.

Cardiac computed tomography (CT) has emerged as an essential pre-procedural and post-procedural imaging tool within the modern EP laboratory. Its unique capability to delineate three-dimensional (3D) cardiac anatomy with high spatial resolution, reproducibility, and wide clinical availability positions it as a cornerstone of procedural planning across a broad range of EP interventions. Unlike fluoroscopy, which offers real-time but anatomically limited guidance, or echocardiography, which is operator-dependent and constrained by acoustic windows, cardiac CT generates isotropic volumetric datasets that can be reconstructed in any plane and integrated directly into electroanatomic mapping (EAM) systems.

The rationale for CT in the EP era is further strengthened by several specific clinical needs. First, accurate delineation of the left atrium (LA) and pulmonary vein (PV) anatomy is essential before AF ablation, given significant inter-patient anatomical variability that can determine both ablation strategy and procedural safety. Second, pre-procedural exclusion of LA appendage (LAA) thrombus is mandatory before ablation or LAA occlusion procedures, and cardiac CT achieves this with high sensitivity and near-perfect negative predictive value. Third, as the implantation of cardiac implantable electronic devices (CIEDs) increases, CT has proven valuable in identifying post-procedural complications such as lead perforation and lead-associated thrombus that may be missed by conventional imaging. Fourth, growing evidence supports the role of CT in myocardial substrate assessment for ventricular tachycardia (VT) ablation, including scar delineation and epicardial anatomy evaluation — particularly when cardiac magnetic resonance (CMR) is unavailable or contraindicated.

In summary, the incorporation of cardiac CT into EP workflows is no longer optional for high-volume centres managing complex arrhythmia cases. It represents a transition from anatomy-blind to anatomy-informed procedural practice, with measurable impacts on procedural efficiency, safety, and clinical outcomes.
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1.2.  Strengths and Limitations Versus Echocardiography, MRI, and Fluoroscopy
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Understanding the relative merits and shortcomings of cardiac CT compared to other imaging modalities is fundamental to its rational, context-specific deployment in EP practice. No single modality is universally superior; rather, each occupies a distinct niche defined by the clinical question, patient characteristics, and procedural context.

1.2.1 Cardiac CT versus Echocardiography

Transthoracic echocardiography (TTE) and transoesophageal echocardiography (TOE) remain the most widely used cardiac imaging modalities due to their bedside availability, real-time capability, and absence of ionising radiation. However, echocardiography carries significant limitations in the EP context. TTE offers limited spatial resolution for delineating fine structures such as PV ostia, LAA morphology, or the interatrial septum. TOE, while superior, is semi-invasive, requiring sedation and operator expertise, and provides suboptimal 3D rendering of LAA dimensions relevant to device sizing.

Cardiac CT surpasses echocardiography in spatial resolution and 3D volumetric assessment. For LAAO planning, CT has been shown to provide more accurate LAA landing zone measurements, reduced device size changes, shorter procedural times, and fewer residual peri-device leaks compared to TOE-guided planning. CT also outperforms echocardiography in delineating PV anatomy, atrial dimensions, and the relationship of cardiac structures to adjacent thoracic anatomy. Nevertheless, echocardiography retains superiority for real-time intraprocedural guidance, assessment of valvular haemodynamics, and patients in whom radiation or contrast exposure is contraindicated.

1.2.2 Cardiac CT versus Cardiac MRI (CMR)

CMR is acknowledged as the reference standard for myocardial tissue characterisation, offering unparalleled assessment of fibrosis, oedema, and viability through late gadolinium enhancement (LGE) and T1/T2 mapping. In the EP context, CMR-derived scar mapping informs VT substrate identification and guides ablation target selection. Its absence of ionising radiation and high soft-tissue contrast make it particularly valuable for younger patients and those requiring serial imaging.

However, CMR has practical limitations that substantially restrict its routine use in EP workflows. Scanner availability is limited in many centres, and scan times are considerably longer than CT (typically 45–90 minutes for a cardiac CMR versus 10–15 minutes for CT). Critically, MRI has historically been contraindicated in patients with non-MR-conditional CIEDs, a constraint of particular relevance given that many EP patients have pacemakers or implantable cardioverter-defibrillators (ICDs). Although newer MR-conditional devices are increasingly implanted, and selected patients with conventional devices can now undergo MRI under stringent protocols at experienced centres, this remains resource-intensive and not universally feasible. Cardiac CT is fully compatible with all CIED devices and does not require specialised programming or monitoring, making it the preferred cross-sectional modality in this population.

For myocardial tissue evaluation, CT serves as a viable CMR alternative: studies have demonstrated good agreement (κ = 0.89) between CT and CMR for scar identification in small cohorts, though CT remains inferior for comprehensive fibrosis quantification.

1.2.3 Cardiac CT versus Fluoroscopy

Fluoroscopy has been the traditional real-time imaging backbone of the EP laboratory for catheter navigation, device implantation, and transseptal puncture guidance. Its major advantages are continuous real-time visualisation and universal availability in catheterisation and EP suites. However, fluoroscopy delivers ionising radiation to both patient and operator, with effective doses for complex EP procedures ranging from 1.6 to 59.6 mSv — particularly high for AF and VT ablation procedures. It provides only 2D silhouette imaging without soft-tissue differentiation, offering no information on myocardial substrate, PV anatomy, or adjacent structures.

Cardiac CT complements fluoroscopy by providing the 3D pre-procedural anatomical roadmap that fluoroscopy cannot generate. When CT-derived 3D reconstructions are integrated into EAM systems, overall fluoroscopy time and contrast utilisation during the procedure are reduced, representing a meaningful safety benefit for patients and operators alike.

Table 1.1: Comparison of Imaging Modalities in Cardiac Electrophysiology


	Feature

	Cardiac CT

	CMR

	Echocardiography (TOE/TTE)

	Fluoroscopy


	Spatial resolution

	Very high

	High

	Moderate

	Low


	Temporal resolution

	High (with ECG gating)

	Moderate

	Very high (real-time)

	Very high (real-time)


	3D volumetric imaging

	Yes

	Yes

	Limited (3D TOE)

	No


	Myocardial tissue 

characterisation

	Limited

	Superior (LGE, T1/T2)

	No

	No


	CIED 

compatibility

	Full

	Restricted (non-conditional CIEDs)

	Full

	Full


	Ionising radiation

	Yes

	No

	No

	Yes


	Contrast 

requirement

	Usually (iodinated)

	Usually (gadolinium)

	Not required (TTE)

	Optional


	Availability

	Wide

	Limited

	Very wide

	Wide (EP lab)


	Real-time 

procedural 

guidance

	No

	No

	Yes

	Yes


	EAM system integration

	Yes

	Yes (selected systems)

	Limited

	N/A


	LAA thrombus exclusion

	High sensitivity/NPV

	Moderate

	Moderate (TOE good)

	No


	Pre-LAAO planning

	Superior

	Limited

	TOE standard

	No


	PV anatomy delineation

	Superior

	Good

	Limited

	Limited


	Cost

	Moderate

	High

	Low–Moderate

	Low




CMR, cardiac magnetic resonance; CIED, cardiac implantable electronic device; EAM, electroanatomic mapping; LAA, left atrial appendage; LAAO, left atrial appendage occlusion; LGE, late gadolinium enhancement; NPV, negative predictive value; PV, pulmonary vein; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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1.3.  Overview of EP Procedures Supported by CT
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Cardiac CT contributes meaningfully across the pre-procedural, peri-procedural, and post-procedural phases of multiple EP interventions. This section provides an overview of the principal procedures for which CT adds documented clinical value.

1.3.1 Atrial Fibrillation Ablation

AF ablation — most commonly pulmonary vein isolation (PVI) — represents the most established application of cardiac CT in EP. Pre-procedural CT fulfils several mandatory roles: exclusion of LAA thrombus, delineation of PV ostial anatomy and diameter, characterisation of LA size, and identification of PV anatomical variants (e.g., common left PV trunk, right middle PV, accessory veins) that may alter the ablation approach. CT-derived 3D reconstructions of the LA and PVs are routinely integrated into EAM systems to guide catheter positioning and ablation lesion placement. Post-procedurally, CT is the modality of choice for diagnosing PV stenosis, a recognised complication of PVI, and for identifying oesophageal injury or the rare but life-threatening atrio-oesophageal fistula.

CT also provides information on neighbouring structures of procedural relevance — most importantly the oesophagus and phrenic nerves — whose anatomical proximity to ablation targets determines risk of thermal injury.

1.3.2 Ventricular Tachycardia Ablation

In VT ablation, pre-procedural CT informs substrate characterisation and epicardial procedure planning. CT can identify myocardial scar, wall thinning, and fatty infiltration — features relevant to arrhythmogenic substrate in ischaemic and non-ischaemic cardiomyopathies. It also delineates the epicardial fat distribution, coronary artery anatomy, and phrenic nerve course, which collectively determine the feasibility and safety of epicardial ablation approaches. Pre-procedural exclusion of left ventricular (LV) thrombus by CT is essential in patients with reduced ejection fraction before endocardial catheter manipulation. As with AF ablation, CT integration with EAM systems allows substrate maps to be overlaid with 3D anatomical reconstructions, improving ablation precision.

1.3.3 Left Atrial Appendage Occlusion (LAAO)

CT has become the pre-procedural imaging standard for LAAO in many experienced centres, supplanting TOE in the planning phase. CT provides accurate 3D morphological characterisation of the LAA — including landing zone dimensions, LAA depth, angulation, and morphological subtype (chicken wing, cauliflower, windsock, cactus) — that are critical for device selection and sizing. Studies confirm that CT-guided planning is associated with shorter procedure times, fewer device exchanges, reduced rates of peri-device leakage, and higher procedural success compared to TOE-only planning. Post-procedural CT between 45 and 90 days is recommended to assess device positioning, confirm LAA seal, and exclude device-related thrombus (DRT).

1.3.4 Cardiac Implantable Electronic Devices (CIEDs) and Cardiac Resynchronisation Therapy (CRT)

CT contributes to both CRT planning and CIED complication management. For CRT, pre-procedural CT of the coronary venous system can identify the anatomy of the coronary sinus (CS) and its tributaries, guiding optimal LV lead placement to a lateral or posterolateral branch — a critical determinant of CRT response. In cases of CIED-related complications, CT provides superior assessment of lead perforation, lead-associated deep vein thrombosis, and lead course anomalies. Given its compatibility with all implanted devices, CT is the preferred cross-sectional modality when CIED complications are suspected.

1.3.5 Supraventricular Tachycardia (SVT) Ablation

Although catheter ablation for SVT (including AVNRT, AVRT, and atrial flutter) has been performed safely with fluoroscopy alone for decades, CT is increasingly used in selected cases to define relevant anatomy. In cavotricuspid isthmus (CTI)-dependent flutter, CT can characterise isthmus anatomy, including pouches or ridges that may impede complete linear block. In the context of right-sided accessory pathways and in patients with congenital heart disease, CT provides anatomical context that cannot be reliably inferred from fluoroscopy alone.
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1.4.  The Evolving Role of CT in Integrated EP Workflows
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The role of cardiac CT in EP has evolved from a standalone pre-procedural imaging step to an integral component of an interconnected, multimodality workflow that spans planning, intraprocedural guidance, and post-procedural follow-up.

1.4.1 From Roadmap to Real-Time Integration

The pivotal development that cemented CT's role in EP was the advent of image integration software enabling seamless registration of CT-derived 3D cardiac models into real-time EAM systems such as CARTO (Biosense Webster) and EnSite (Abbott). This technology allows the electrophysiologist to navigate catheter position in three dimensions with reference to patient-specific anatomy rather than generic templates. Studies have demonstrated that CT–EAM integration reduces total fluoroscopy time and improves the accuracy of ablation lesion placement, particularly for complex targets such as the pulmonary vein–left atrial junction.

1.4.2 CT-Derived Substrate Mapping

Beyond anatomical delineation, advanced CT post-processing techniques are enabling the extraction of substrate information directly from CT datasets. CT-based scar identification using wall motion analysis, delayed iodine enhancement, and myocardial attenuation mapping provides functional information that complements pure anatomical reconstruction. While these techniques remain areas of active investigation and are not yet universally validated for clinical practice, their maturation represents the next frontier in CT-guided EP, potentially bridging the functional gap between CT and CMR.

1.4.3 Workflow Standardisation and Multidisciplinary Integration

Contemporary EP practice increasingly operates within multidisciplinary Heart Team frameworks, where cardiologists, imaging specialists, cardiac surgeons, and anaesthetists contribute to procedural decision-making. Cardiac CT reports, when structured and interpreted in the context of EP-specific clinical questions, provide actionable information that directly influences the risk stratification, procedural planning, and post-procedural management of EP patients. Standardised CT acquisition protocols, tailored to EP indications rather than repurposed from coronary CT angiography templates, are therefore essential.

1.4.4 Future Directions

Emerging developments — including photon-counting CT detectors, artificial intelligence (AI)-assisted segmentation, and 4D cardiac CT — are set to further expand CT's role in EP. AI-driven automated segmentation of cardiac structures is already reducing the time required to prepare CT-derived 3D models for EAM integration, while photon-counting CT promises improved spatial resolution and lower contrast requirements. These advances will progressively lower the barriers to routine CT incorporation in EP laboratories worldwide.

Figure 1.1. Overview of cardiac CT integration across EP procedures and workflow stages. 
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AEF, atrio-oesophageal fistula; CRT, cardiac resynchronisation therapy; CTI, cavotricuspid isthmus; CIED, cardiac implantable electronic device; DRT, device-related thrombus; EAM, electroanatomic mapping; LA, left atrium; LAA, left atrial appendage; LAAO, left atrial appendage occlusion; LV, left ventricle; PV, pulmonary vein; PVI, pulmonary vein isolation; VT, ventricular tachycardia.
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1.5.  How to Use This Book in Clinical Practice
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This textbook is written for cardiologists, electrophysiologists, heart failure specialists, imaging cardiologists, and trainees who encounter cardiac CT in the context of EP procedures. Its design reflects the clinical reality that most readers will approach this text not as CT physicists or radiologists, but as proceduralists and clinicians seeking to understand how CT-derived information can inform decision-making and procedural strategy.

1.5.1 Structure and Navigation

Each chapter is organised around a specific EP clinical context — including AF ablation, VT ablation, LAAO, CIED management, and post-procedural complications. Within each chapter, the reader will find: the rationale for CT in that specific context, a description of what to look for on pre- and post-procedural CT, clinical decision flowcharts to guide management, and summary tables for rapid reference. Chapters can be read sequentially for comprehensive learning or used selectively as point-of-care references for specific procedural scenarios.

1.5.2 Intended Use at Each Stage of Care

	Pre-procedural planning: Chapters on AF ablation, VT ablation, LAAO, and CRT provide guidance on what CT acquisition protocol to request, what anatomical features to report, and how findings should modify procedural approach.

	Intraprocedural guidance: Relevant chapters address CT–EAM integration, image registration considerations, and how to reconcile real-time anatomy with pre-procedural CT datasets.

	Post-procedural assessment: Dedicated sections within each chapter detail CT findings that indicate specific complications, including PV stenosis, lead perforation, oesophageal injury, and device-related thrombus.

	Multidisciplinary discussions: Tables and flowcharts in each chapter are designed to facilitate communication within Heart Team meetings and support structured CT reporting for EP indications.


1.5.3 What This Book Does Not Cover

This textbook does not provide a CT physics primer, a scanner-specific acquisition atlas, or an encyclopaedic review of CT technology. Readers seeking detailed information on CT acquisition parameters, reconstruction algorithms, or radiation dosimetry optimisation are directed to dedicated cardiac imaging physics texts. The focus throughout is on clinical reasoning, decision support, and procedural relevance.
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CHAPTER 2   Basic Principles of Cardiac CT for EP
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2.1. CT Physics: Spatial and Temporal Resolution in EP Applications

[image: ]


A practical understanding of two key physical parameters — spatial resolution and temporal resolution — is essential for any clinician requesting or interpreting cardiac CT in the EP setting. These parameters directly determine which anatomical structures can be reliably delineated and whether cardiac motion will degrade the resulting images.

2.1.1 Spatial Resolution

Spatial resolution refers to the ability of a CT system to distinguish two closely adjacent structures as separate objects. It is determined primarily by detector element size, reconstruction kernel, field of view, and slice thickness. In the context of EP imaging, high spatial resolution is critical for accurate delineation of fine structures: the ostia of the pulmonary veins (PVs), the left atrial appendage (LAA) trabecular architecture, the coronary sinus and its tributaries, the interatrial septum, and CIED lead trajectories all require sub-millimetre resolution for reliable assessment.

Conventional energy-integrating detector (EID) CT scanners achieve in-plane spatial resolutions of approximately 0.5–0.6 mm, which is adequate for most EP applications. The most recent generation of photon-counting CT (PCCT) scanners represents a transformative advancement, achieving spatial resolutions below 0.25 mm by directly converting X-ray photons to electrical signals through semiconductor detectors without the signal averaging inherent to EID systems. This ultra-high resolution (UHR) mode in PCCT enables significantly improved depiction of LAA morphology, PV ostial detail, and CIED lead courses — structures that directly influence EP procedural planning.

In practical terms, thinner slice reconstruction (0.5–0.75 mm) is strongly preferred over thicker slices for EP-related CT acquisitions. Isotropic voxel datasets, in which the voxel dimensions are equal in all three planes, are essential to produce accurate three-dimensional (3D) reconstructions for integration into electroanatomic mapping (EAM) systems.

2.1.2 Temporal Resolution

Temporal resolution defines the effective time window within which image data are acquired per cardiac phase. It is the single most important technical determinant of motion artefact in cardiac CT, and its clinical relevance is amplified in EP patients who frequently have elevated or irregular heart rates.

For a single-source CT scanner, temporal resolution is governed by the gantry rotation time. Using half-scan reconstruction, the effective temporal resolution equals half the gantry rotation time: for a modern 64-slice scanner with a rotation time of 330 ms, the effective temporal resolution is approximately 165 ms. Dual-source CT (DSCT) scanners — which mount two independent X-ray source-detector pairs on the same gantry — achieve temporal resolutions of approximately 66–83 ms by acquiring data from only one-quarter of the gantry rotation. This represents a clinically significant advantage in patients with heart rates above 65–70 beats per minute (bpm), including patients in AF or with frequent ectopy.

Wide-detector (320-row) scanners offer an alternative approach: their 16 cm z-axis coverage allows the entire heart to be captured in a single gantry rotation, effectively eliminating inter-beat variation and cardiac level misregistration — a major source of artefact in patients with arrhythmias. Multi-segment reconstruction algorithms, which combine data from multiple consecutive heartbeats to improve effective temporal resolution, are available on several scanner platforms, though their reliability depends on heart rate stability across cycles and are therefore of limited utility in AF.

For EP applications, the minimum acceptable temporal resolution is generally considered to be ≤150 ms for reliable cardiac CT at resting heart rates. DSCT or 320-row scanners are preferred for patients in AF or with significantly elevated resting heart rates.

Table 2.1: Scanner Technology and Temporal Resolution Relevant to EP


	Scanner Type

	Temporal Resolution

	Heart Rate Tolerance

	Key EP Advantage


	64-slice single-source

	~165 ms

	<65 bpm optimal

	Widely available; adequate at low HR


	Dual-source CT (DSCT)

	66–83 ms

	Up to 100+ bpm

	AF and elevated HR patients


	320-row wide-detector

	~175 ms per beat

	Any (single-beat capture)

	Eliminates inter-beat artefact


	Photon-counting CT (PCCT)

	66 ms (DSCT-based)

	Up to 100+ bpm

	UHR; dose-efficient; spectral capability




HR, heart rate; UHR, ultra-high resolution.
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2.2. ECG Gating and Motion Artefacts in Arrhythmic Patients
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ECG gating is the fundamental technique by which cardiac CT synchronises image acquisition to the cardiac cycle, minimising motion blur from myocardial contraction. Understanding its principles is essential in EP practice, where the majority of patients carry a primary arrhythmia diagnosis.

2.2.1 Prospective ECG Triggering

In prospective ECG triggering (also known as "step-and-shoot" mode), the scanner detects the R-wave on the ECG trace and triggers X-ray exposure only during a pre-specified phase of the subsequent cardiac cycle — most commonly mid-to-end diastole (~65–75% of the R-R interval) for patients with heart rates below 65 bpm, or end-systole (~30–35%) for higher rates. Because X-ray exposure is delivered during a narrow time window, prospective triggering delivers a substantially lower radiation dose than retrospective gating — typically 1–3 mSv for cardiac CT angiography under optimal conditions.

However, prospective triggering has important limitations in arrhythmic patients. It assumes a consistent R-R interval: irregular R-R intervals, as occur in AF, ectopic beats, and flutter, cause the scanner to trigger at an incorrect phase of the cardiac cycle, resulting in image misregistration, banding artefacts, or incomplete cardiac coverage. In patients with persistent AF, standard prospective triggering protocols frequently produce non-diagnostic images and should not be used without modification.

2.2.2 Retrospective ECG Gating

Retrospective ECG gating acquires continuous helical CT data throughout the entire cardiac cycle, with the ECG trace recorded simultaneously. During reconstruction, data from any desired phase of the R-R interval can be selected retrospectively. This provides the flexibility to review multiple phases, select the phase with least motion, perform functional cine reconstruction for wall motion and ejection fraction assessment, and retrospectively exclude artefactual beats.

For EP applications, retrospective gating is the preferred acquisition mode in: patients with persistent AF, patients with frequent ectopy, CIED lead assessment (to visualise the lead across the cardiac cycle), and cases requiring functional data such as LV volume and ejection fraction. The principal disadvantage is a substantially higher radiation dose — typically 2–3 times higher than prospective triggering.

2.2.3 Motion Artefacts: Recognition and Mitigation

Motion artefacts in cardiac CT manifest in several patterns: blur (due to insufficient temporal resolution relative to cardiac motion speed), transition artefacts (misregistration at the interface between adjacent scan segments derived from different R-R intervals), and duplication or ghost artefacts (due to abrupt changes in cardiac cycle length). Distinguishing motion artefact from true pathology is a critical skill for EP-oriented CT interpretation, particularly for small structures such as LAA thrombus versus flow artefact, or PV stenosis versus streak artefact.

Several strategies mitigate motion artefact in practice:

	ECG sync-point editing: Manual post-processing to remove incorrectly tagged R-waves (e.g., tall T-waves mis-identified as R-waves) or add missed R-waves; restores correct phase alignment in retrospectively gated scans.

	Phase selection: Systematic review of multiple reconstructed phases (particularly end-systolic phases at 30–45% of R-R interval) to identify the window of least motion for a given patient's heart rate.

	Motion-correction algorithms: Increasingly available on modern scanners, these algorithms use model-based motion estimation and compensation to recover image quality from artefacted datasets without repeat scanning.

	Rate control pre-imaging: Achieving a resting heart rate of <65 bpm with beta-blockade or rate-limiting agents before scanning significantly reduces motion artefact, but must be balanced against clinical contraindications — particularly relevant in patients with bradycardia-dependent arrhythmias or CIED dependency.

	Wide-detector single-beat acquisition: In 320-row scanners, capturing the entire heart in one beat eliminates inter-beat misregistration, making this the technically optimal approach for patients in permanent AF.


Figure 2.1. Decision algorithm for ECG gating strategy selection in EP patients
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AF, atrial fibrillation; DSCT, dual-source CT.
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2.3.  Contrast Timing and Multiphase Acquisitions
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Iodinated contrast medium is required for virtually all EP-related cardiac CT acquisitions, and its optimal delivery is as technically important as scanner settings. The timing and design of the contrast injection protocol must be tailored to the specific EP clinical question, particularly regarding which cardiac chambers and structures require opacification.

2.3.1 Principles of Contrast Delivery

The time-to-peak enhancement in the left heart chambers after intravenous contrast injection varies considerably between patients — ranging from as little as 8 seconds to over 40 seconds — depending on cardiac output, body habitus, injection site, and the presence of valvular or structural heart disease. A fixed delay injection approach is unreliable and is strongly discouraged for cardiac CT in EP; instead, either a test bolus technique (injecting a small test bolus of 10–20 mL and measuring time-to-peak enhancement in the aorta) or bolus tracking (automated triggering when a region of interest in the ascending aorta reaches a pre-defined threshold, typically 100–150 Hounsfield units [HU]) should be used.

A standard contrast injection for EP-related CT typically employs a biphasic or triphasic protocol via a dual-head power injector:

	Phase 1 (undiluted contrast bolus): Full-concentration iodinated contrast (typically iodine concentration 300–400 mg/mL) at a flow rate of 4–6 mL/s, achieving left heart opacification.

	Phase 2 (diluted chaser): A 30–50% contrast / 50–70% saline mixture, which reduces streak artefact from high-attenuation contrast in the right atrium and superior vena cava, while maintaining adequate right heart opacification — particularly important for CIED lead and tricuspid valve assessment.

	Phase 3 (saline flush): 30–40 mL saline chaser to clear contrast from the antecubital vein and peripheral veins, reducing overall contrast volume and right-sided streak artefact.


For patients with impaired renal function — a common comorbidity in EP populations given the high prevalence of heart failure — contrast volume reduction is a priority. A novel dual-region-of-interest (D-ROI) bolus tracking technique has demonstrated that contrast volume can be reduced by approximately 28% (from 63.6 ± 10.1 mL to 45.6 ± 6.9 mL) compared to standard single-ROI tracking, with equivalent left atrial opacification quality (434 HU vs 429 HU, p = 0.73).

2.3.2 EP-Specific Multiphase Acquisition Protocols

Different EP indications require distinct contrast phases, and a


	Primary arterial phase: Left atrial and PV opacification for anatomy (target: LA attenuation 300–500 HU).

	Delayed phase (60–90 seconds after injection): Essential for LAA thrombus exclusion. A filling defect persisting on the delayed phase distinguishes true thrombus from flow-related filling defect (which resolves on delayed imaging).



	Arterial phase for LAA morphological assessment and sizing.

	Mandatory delayed phase for thrombus exclusion prior to device implantation.

	Some centres add a functional cine series for dynamic LAA dimension changes across the cardiac cycle.



	Arterial phase for LV anatomy and thrombus exclusion.

	Delayed phase (8–10 minutes) for myocardial late iodine enhancement (LIE) assessment of scar.



	Arterial phase with triphasic contrast protocol (undiluted + 50:50 mix + saline) to achieve balanced biventricular opacification.

	No delayed phase typically required unless thrombus is a specific concern.
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