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Notice to the Reader

This book is intended as a practical reference for radiologists, cardiologists, and other healthcare professionals involved in the diagnostic imaging and management of heart failure and cardiomyopathies. It is designed to supplement—not replace—clinical judgment, institutional protocols, local governance policies, and individualized patient care decisions.

Medicine, and particularly cardiovascular imaging, is a rapidly evolving field. While every effort has been made to ensure that acquisition protocols, radiation dose optimization strategies, contrast media administration, and interpretive frameworks reflect current standards at the time of publication—including guidance from professional societies such as the SCCT, EACVI, ACC, and ESC—new evidence, technologies, and guideline updates may emerge after publication.

Key Clinical Considerations

Verification of Contrast and Radiation Protocols: Readers should always consult the most recent manufacturer recommendations and institutional policies regarding iodinated contrast media (including eGFR thresholds and premedication for contrast allergy) and radiation safety principles (including ALARA), particularly in relation to patient-specific factors such as renal function, body mass index, and heart rate control.

Individualized Clinical Decision-Making: The algorithms, flowcharts, and diagnostic pathways presented in this book are intended to support—but not dictate—clinical decision-making. Final imaging modality selection and management strategies must account for individual patient characteristics, including hemodynamic stability, renal function, device compatibility, and pre-test probability.

Professional Responsibility: Interpretation of Cardiac CT studies and administration of adjunctive medications (e.g., beta-blockers, nitrates) should be performed only by appropriately trained clinicians, within suitable clinical environments, and with access to appropriate monitoring and resuscitation equipment when required.

Disclaimer

The author and publisher disclaim any liability for loss, injury, or damage—whether personal, clinical, or otherwise—incurred directly or indirectly as a result of the use or interpretation of the information contained in this publication.
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Why CT in Heart Failure Matters

The landscape of heart failure (HF) imaging has undergone a seismic shift in the last decade. Historically, Cardiac CT was pigeonholed as a "rule-out" test for coronary artery disease—a gatekeeper to the cath lab, but little more. Today, that paradigm is obsolete. The advent of wide-detector systems, dual-energy spectral imaging, and photon-counting technology has transformed Cardiac CT into a comprehensive "one-stop shop" for the failing heart.

For the modern heart failure specialist, CT is no longer just about anatomy; it is about etiology. It is the only modality that can simultaneously visualize coronary plaque, characterize myocardial tissue (via extracellular volume and delayed enhancement), and map the complex 3D geometry of mechanical circulatory support, all in a single heartbeat. In an era where HF phenotypes (e.g., HFpEF, amyloidosis, inflammatory cardiomyopathy) dictate specific therapies, the ability of CT to provide sub-millimeter isotropic resolution—unmatched by echocardiography or MRI—is becoming indispensable .

Furthermore, the "typical" heart failure patient is changing. They are older, more comorbid, and increasingly reliant on devices. CT is uniquely positioned to serve this population, offering rapid acquisition times that tolerate dyspnea and advanced reconstruction algorithms that see "through" the metal of defibrillators and pumps.

Limitations of Current Practice (CMR-Dominated)

While Cardiovascular Magnetic Resonance (CMR) remains the gold standard for tissue characterization and volumetry in major guidelines, its dominance in clinical practice is challenged by significant real-world barriers .

	The "Access Gap": Despite Class I recommendations, the availability of CMR is often limited to tertiary academic centers with long waiting lists. In contrast, multidetector CT scanners are ubiquitous in emergency departments and community hospitals, offering 24/7 availability.

	The "Excluded" Patient: A substantial proportion of HF patients have contraindications to MRI. Up to 75% of patients with cardiac implantable electronic devices (CIEDs) will eventually need cross-sectional imaging, yet many centers still lack the protocols or staff to perform MRI in these patients safely . Even with "conditional" devices, susceptibility artifacts often render the critical myocardial segments (e.g., the septum) non-diagnostic.

	Physiological Intolerance: The breath-holding requirements and scan duration (often 45–60 minutes) of a comprehensive CMR protocol are frequently intolerable for the dyspneic, orthopneic, or arrhythmic heart failure patient.


This disconnect between guideline-ideal (CMR) and clinical-reality creates a diagnostic gap. Patients often undergo repeated equivocal echocardiograms or invasive procedures because CMR is either unavailable or contraindicated. This book argues that Cardiac CT is the logical, effective solution to bridge this gap .

How This Book is Workflow-Driven and Case-Oriented

This textbook is not designed to be an encyclopedia of CT physics or a repository of rare congenital anomalies. It is a manual for decision-making. We recognize that the challenge for the clinician is not just how to scan, but when to scan and what to do with the data.

To that end, "Cardiac CT for Heart Failure & Cardiomyopathies" departs from traditional formats:

	Workflow-Driven: Every chapter moves beyond image interpretation to focus on the clinical pathway. We ask: What is the specific clinical question? Which protocol answers it with the least radiation/contrast? How does the finding alter management (e.g., drug initiation, device selection, surgery)?

	Case-Oriented: We leverage a vast library of real-world cases—from the "Grey Zone" HFrEF patient to the complex LVAD complication—to illustrate the decision points.

	Algorithm-Based: We provide concrete decision trees (using Mermaid syntax flowcharts) and "Quick Reference" tables that can be used at the reporting station or in the Multidisciplinary Team (MDT) meeting.


Our goal is to empower the heart team—cardiologists, radiologists, and technologists—to harness the full potential of Cardiac CT, moving it from a niche tool to a cornerstone of heart failure management.

Comparison of Imaging Modalities in the "Real-World" Heart Failure Patient


	Feature

	Echo

	CMR

	CCT


	Availability

	Universal

	Limited / Niche

	Widespread


	Scan Duration

	20–30 min

	45–60 min

	< 10 min 

(acquisition seconds)


	Device Compatibility

	Excellent 

(Artifacts)

	Complex 

(Safety/Artifacts)

	Excellent 

(with MAR)


	Coronary Anatomy

	None

	Limited

	Gold Standard 

(Non-invasive)


	Tissue Characterization

	Limited (Strain)

	Gold Standard 

(LGE/T1)

	Emerging 

(ECV/Spectral)


	Patient Tolerance

	High

	Low 

(Claustrophobia/

Breath-hold)

	High 

(Fast/Open)
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The CT Decision Pathway Framework

Unlike traditional imaging atlases that prioritize "pattern recognition" (e.g., what does sarcoidosis look like?), this book prioritizes clinical action (e.g., when should I scan for sarcoidosis, and what do I do with the result?).

To navigate this shift from observation to decision-making, we have structured the content around three core pillars: Decision Pathways, Case-Based Navigation, and Multidisciplinary Integration.

1. Understanding CT Decision Pathways

Each clinical chapter (Part III and IV) is anchored by a Decision Pathway Algorithm. These are not generic diagnostic flowcharts; they are specific CT-centric workflows designed to solve a clinical problem.

How to Read the Pathways:

	The Entry Node: This is always the Clinical Phenotype (e.g., "New Onset HFrEF <40%" or "LVAD 'Low Flow' Alarm"). Do not start with the scan type; start with the patient's problem.

	The "Gatekeeper" Node: This represents a critical check-point (e.g., Agatston Score or Renal Function) that determines whether you proceed with CT or pivot to another modality.

	The Protocol Branch: Based on the "Gatekeeper," the pathway splits into specific technical protocols (e.g., Ischemia Rule-Out vs. Myocardial Characterization).

	The Action Node: The endpoint is never just a diagnosis. It is a management directive (e.g., Refer for Biopsy, Start Anticoagulation, Plan Ablation).


Example: In Chapter 14, the "HFrEF Pathway" does not just tell you how to scan; it explicitly instructs you to STOP if the calcium score is >1000 and pivot to functional imaging, saving the patient a non-diagnostic radiation exposure.

2. Case-Based Navigation

Theoretical knowledge often fails in the face of complex comorbidities. To bridge this gap, the book uses a "Vignette-First" approach.

	The "Clinical Dilemma": Each section opens with a real-world case summary (e.g., a patient with a pacemaker and dyspnea). This mirrors the referral you receive in your inbox.

	The "Multimodality Pivot": We explicitly show why other modalities (Echo, MRI) failed or were inconclusive in that specific scenario.

	The "CT Tie-Breaker": The case concludes by demonstrating exactly which CT finding (e.g., a mid-wall scar pattern or a kinked outflow graft) solved the puzzle.


Tip: If you are facing a difficult case in your daily practice, go immediately to Part V: Synthesis and Complex Cases (Chapter 15) or the Appendices. Use the Cross-Reference Table in Chapter 15.2 to find a case that matches your patient's phenotype.

3. Integrating CT Findings into Multidisciplinary Care

A CT report is useless if it is not understood by the Heart Failure specialist or Surgeon. Chapter 2 ("The Heart Team Context") and the reporting templates in the Appendices are designed to standardize communication.

Key Features for the Heart Team:

	"Surgeon-Ready" Metrics: We highlight the specific measurements surgeons need (e.g., retrosternal distance for redo sternotomy, annular dimensions for TAVR).

	"EP-Ready" Anatomy: We define the venous and scar maps required for lead placement and ablation planning.

	The Structured Report: We provide templates that move away from prose descriptions ("the heart appears thickened") to actionable categorical data ("ECV = 52%, consistent with Amyloidosis").


4. Overview of the Book’s Workflow-Driven Approach

The book is organized to mirror the clinical journey of a patient:

	Part I (Foundations): The "Why" and "How." Read this to understand the physics of why CT can now see through metal and characterize tissue.

	Part II (Selection): The "When." Use the CT vs. CMR Selection Matrix (Chapter 5) to decide which test is best for your specific patient before you order it.

	Part III (Phenotypes): The "What." Specific chapters for specific diseases (Ischemic, DCM, HCM, Amyloid).

	Part IV (Procedures): The "Planning." Dedicated guides for pre-procedural imaging (TAVR, LVAD, Transplant).

	Part V (Synthesis): The "Master Class." Complex algorithms and reference tables for the advanced practitioner.


By using this framework, you transform the CT scanner from a passive camera into an active diagnostic instrument, integral to the survival and management of your heart failure patients.

Taha Othmane
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