ARTIFICIAL HEART VALVE MRI SAFETY

ARTIFICIAL HEART VALVE MRI SAFETY IS A CRITICAL CONSIDERATION FOR PATIENTS WHO HAVE UNDERGONE VALVE REPLACEMENT
SURGERY AND REQUIRE MAGNETIC RESONANCE IMAGING (MRD SCANS. GIVEN THE PREVALENCE OF HEART VALVE DISEASES AND
THE INCREASING RELIANCE ON MRI| AS A DIAGNOSTIC TOOL, UNDERSTANDING THE COMPATIBILITY AND SAFETY OF ARTIFICIAL
HEART VALVES DURING MRI| PROCEDURES IS ESSENTIAL. THIS ARTICLE EXPLORES THE VARIOUS TYPES OF ARTIFICIAL HEART
VALVES, THEIR INTERACTION WITH MRI MAGNETIC FIELDS, POTENTIAL RISKS, AND CURRENT GUIDELINES TO ENSURE PATIENT
SAFETY. ADDITIONALLY, IT COVERS ADVANCEMENTS IN VALVE TECHNOLOGY THAT ENHANCE MR| COMPATIBILITY AND PROVIDES
PRACTICAL RECOMMENDATIONS FOR HEALTHCARE PROVIDERS AND PATIENTS ALIKE. BY DELVING INTO THESE ASPECTS, THE
DISCUSSION AIMS TO CLARIFY CONCERNS AND PROMOTE SAFE IMAGING PRACTICES FOR INDIVIDUALS WITH ARTIFICIAL HEART
VALVES.
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UNDERSTANDING ARTIFICIAL HEART V ALVES

ARTIFICIAL HEART VALVES ARE MEDICAL DEVICES IMPLANTED TO REPLACE DAMAGED OR DISEASED HEART VALVES, RESTORING
NORMAL BLOOD FLOW THROUGH THE HEART. THERE ARE PRIMARILY TWO TYPES OF ARTIFICIAL HEART VALVES: MECHANICAL
VALVES AND BIOPROSTHETIC (TISSUE) VALVES. MECHANICAL VALVES ARE MADE FROM DURABLE MATERIALS SUCH AS TITANIUM
OR CARBON COMPOUNDS, DESIGNED TO LAST A LIFETIME BUT REQUIRING LIFELONG ANTICOAGULATION THERAPY. BIOPROSTHETIC
VALVES ARE DERIVED FROM ANIMAL TISSUE OR HUMAN DONOR VALVES AND TYPICALLY HAVE A SHORTER LIFESPAN BUT DO NOT
USUALLY NECESSITATE LONG-TERM BLOOD THINNERS.

TyPes oF ARTIFICIAL HEART V ALVES

THE TWO MAIN CATEGORIES OF ARTIFICIAL HEART VALVES DIFFER SIGNIFICANTLY IN STRUCTURE AND MATERIALS, IMPACTING
THEIR INTERACTION WITH MR| MAGNETIC FIELDS. MECHANICAL VALVES OFTEN CONTAIN METALLIC COMPONENTS, WHICH CAN
INTERACT WITH MR| SCANNERS. BIOPROSTHETIC VALVES ARE PRIMARILY TISSUE-BASED BUT MAY INCLUDE SMALL METAL PARTS
FOR STRUCTURAL SUPPORT. UNDERSTANDING THE VALVE TYPE IS VITAL FOR ASSESSING MRI SAFETY.

MATERIALS USED IN ARTIFICIAL HEART V ALVES

MECHANICAL VALVES FREQUENTLY INCORPORATE METALS SUCH AS TITANIUM OR STAINLESS STEEL, WHICH ARE GENERALLY
CONSIDERED MR CONDITIONAL, MEANING THEY CAN BE SCANNED SAFELY UNDER SPECIFIC CONDITIONS. Tissue VALVES, ON THE
OTHER HAND, HAVE FEWER METAL COMPONENTS, REDUCING THE LIKELIHOOD OF MRI-RELATED COMPLICATIONS. THE PRESENCE AND
TYPE OF METAL INFLUENCE THE VALVE'S MAGNETIC PROPERTIES AND POTENTIAL RISKS DURING MR



MRI TeCHNOLOGY AND ITS INTERACTION WITH ARTIFICIAL HEART V ALVES

MR| USES STRONG MAGNETIC FIELDS AND RADIOFREQUENCY WAVES TO GENERATE DETAILED IMAGES OF INTERNAL BODY
STRUCTURES. THE INTERACTION BETWEEN MRI| AND IMPLANTED DEVICES LIKE ARTIFICIAL HEART VALVES DEPENDS ON THE
DEVICE'S MAGNETIC SUSCEPTIBILITY, ELECTRICAL CONDUCTIVITY, AND THE MR| SCANNER'S PARAMETERS. UNDERSTANDING THESE
INTERACTIONS IS CRUCIAL TO ENSURING PATIENT SAFETY AND IMAGE QUALITY.

MAGNETIC FIELDS AND RADIOFREQUENCY ENERGY

THE STATIC MAGNETIC FIELD OF AN MR| SCANNER CAN EXERT FORCES ON FERROMAGNETIC MATERIALS, POTENTIALLY CAUSING
MOVEMENT OR HEATING OF METALLIC COMPONENTS IN ARTIFICIAL HEART VALVES. RADIOFREQUENCY ENERGY USED IN MR| CAN
INDUCE ELECTRICAL CURRENTS IN CONDUCTIVE MATERIALS, LEADING TO HEATING EFFECTS. BOTH PHENOMENA POSE POTENTIAL
RISKS IF NOT PROPERLY MANAGED.

PoTeNTIAL Risks DURING MR| SCANNING

Risks ASSOCIATED WITH MRI| SCANS IN PATIENTS WITH ARTIFICIAL HEART VALVES INCLUDE:

® DEVICE DISPLACEMENT OR MOVEMENT: UNLIKELY WITH MODERN VALVES BUT THEORETICALLY POSSIBLE IF FERROMAGNETIC
COMPONENTS ARE PRESENT.

® HEATING OF METALLIC PARTS: CAN CAUSE TISSUE DAMAGE OR DISCOMFORT NEAR THE IMPLANT SITE.
¢ |IMAGE ARTIFACTS: METALLIC COMPONENTS CAN DISTORT MRI IMAGES, REDUCING DIAGNOSTIC QUALITY.

o |NTERFERENCE WITH VALVE FUNCTION: ALTHOUGH RARE, ELECTROMAGNETIC INTERFERENCE COULD AFFECT MECHANICAL
VALVE OPERATION.

SAFETY CONSIDERATIONS FOR ARTIFICIAL HEART V ALVES DURING MRI

ENSURING ARTIFICIAL HEART VALVE MRI| SAFETY INVOLVES EVALUATING THE SPECIFIC VALVE MODEL, SCANNER STRENGTH, AND
SCANNING PROTOCOLS. MOST CONTEMPORARY ARTIFICIAL HEART VALVES ARE DESIGNED TO BE MR CONDITIONAL, MEANING
THEY ARE SAFE FOR MR| UNDER DEFINED CIRCUMSTANCES. HO\X/EVER, OLDER MODELS OR CERTAIN VALVE TYPES MAY POSE HIGHER
RISKS.

MRI| ConpiTioNAL VS. MRl UNSAFE V ALVES

MANUFACTURERS CLASSIFY ARTIFICIAL HEART VALVES BASED ON THEIR MR| COMPATIBILITY. MR| CONDITIONAL VALVES HAVE
BEEN TESTED AND FOUND SAFE UNDER SPECIFIED MR| CONDITIONS, SUCH AS MAGNETIC FIELD STRENGTH LIMITS (USUALLY 1.5
TesLA or 3 TESLA). VALVES LABELED MR| UNSAFE ARE CONTRAINDICATED FOR MR| BECAUSE OF THE RISK OF HARMFUL
INTERACTIONS.

FAcToORrS INFLUENCING MR| SAFETY

SEVERAL VARIABLES AFFECT THE SAFETY PROFILE OF ARTIFICIAL HEART VALVES DURING MRI:

o MAGNETIC FIELD STRENGTH: HIGHER TESLA SCANNERS MAY INCREASE RISKS.

® |IMPLANTATION SITE AND DEPTH: DEEPER IMPLANTS MAY REDUCE HEATING.



* VALVE DESIGN AND MATERIALS: NON-FERROMAGNETIC MATERIALS MINIMIZE RISKS.

® PATIENT-SPECIFIC FACTORS: COMORBIDITIES AND OVERALL HEALTH STATUS.

GUIDELINES AND RECOMMENDATIONS FOR MR| SCANNING

PROFESSIONAL ORGANIZATIONS AND REGULATORY BODIES PROVIDE GUIDELINES TO OPTIMIZE ARTIFICIAL HEART VALVE MR
SAFETY. THESE RECOMMENDATIONS HELP CLINICIANS DETERMINE WHEN MRI IS APPROPRIATE AND HOW TO CONDUCT THE
PROCEDURE SAFELY.

Pre-MR| ASSESSMENT

Berore AN MRI SCAN, A THOROUGH ASSESSMENT SHOULD BE CONDUCTED, INCLUDING:

1. VERIFICATION OF THE VALVE TYPE AND MANUFACTURER’S MR| SAFETY INFORMATION.
2. CONSULTATION WITH THE CARDIOLOGIST AND RADIOLOGIST.

3. EVALUATION OF THE PATIENT’S CLINICAL NEED FOR MRI VERSUS ALTERNATIVE IMAGING METHODS.

DurING MRI| PROCEDURE

DURING THE MRI SCAN, SAFETY MEASURES INCLUDE:

e USING MRI SCANNERS WITH MAGNETIC FIELD STRENGTHS COMPATIBLE WITH THE VALVE’S SPECIFICATIONS.
e APPLYING SPECIFIC SCANNING PROTOCOLS TO MINIMIZE RADIOFREQUENCY EXPOSURE AND HEATING.

® MONITORING THE PATIENT CLOSELY FOR DISCOMFORT OR ADVERSE EFFECTS.

PosT-MR| CARE

AFTER THE MR|, THE PATIENT SHOULD BE OBSERVED FOR ANY UNUSUAL SYMPTOMS, AND VALVE FUNCTION SHOULD BE
EVALUATED IF NECESSARY. PROMPT REPORTING OF ANY COMPLICATIONS IS ESSENTIAL TO ENSURE PATIENT SAFETY.

ADVANCEMENTS IN MRI-CoMPATIBLE ARTIFICIAL HEART V ALVES

TECHNOLOGICAL PROGRESS HAS LED TO THE DEVELOPMENT OF ARTIFICIAL HEART VALVES WITH ENHANCED MRl COMPATIBILITY.
MANUFACTURERS ARE INCREASINGLY USING NON-FERROMAGNETIC MATERIALS AND DESIGNING VALVES SPECIFICALLY TESTED FOR
MRI SAFETY.

Use oF NON-FERROMAGNETIC MATERIALS

MODERN VALVES OFTEN EMPLOY TITANIUM AND POLYMER COMPOSITES THAT EXHIBIT MINIMAL MAGNETIC INTERACTIONS. THESE



MATERIALS REDUCE THE RISKS OF HEATING AND MOVEMENT DURING MR SCANS, EXPANDING SAFE IMAGING OPTIONS FOR PATIENTS.

DEesIGN IMPROVEMENTS FOR REDUCED ARTIFACTS

INNOVATIONS IN VALVE DESIGN AIM TO MINIMIZE MR IMAGE DISTORTION CAUSED BY METALLIC COMPONENTS. IMPROVED DESIGNS
FACILITATE CLEARER DIAGNOSTIC IMAGES, BENEFITING PATIENT CARE AND CLINICAL OUTCOMES.

PrACTICAL TIPS FOR PATIENTS AND HEALTHCARE PROVIDERS

ENSURING ARTIFICIAL HEART VALVE MRI| SAFETY REQUIRES COORDINATION BETWEEN PATIENTS AND HEALTHCARE PROVIDERS.
AW ARENESS AND ADHERENCE TO SAFETY PROTOCOLS ARE VITAL FOR PREVENTING COMPLICATIONS.

RECOMMENDATIONS FOR PATIENTS

® ALWAYS INFORM THE MR| TECHNOLOGIST AND PHYSICIAN ABOUT THE PRESENCE OF AN ARTIFICIAL HEART VALVE.
e CARRY DOCUMENTATION REGARDING THE VALVE TYPE AND MANUFACTURER DETAILS.

REPORT ANY DISCOMFORT OR UNUSUAL SENSATIONS DURING OR AFTER THE MR| SCAN IMMEDIATELY.

e DISCUSS ALTERNATIVE IMAGING OPTIONS IF MR| IS CONTRAINDICATED.

RECOMMENDATIONS FOR HEALTHCARE PROVIDERS

VERIFY THE MR| COMPATIBILITY OF THE PATIENT’S ARTIFICIAL HEART VALVE BEFORE SCHEDULING SCANS.

e FOLLOW MANUFACTURER GUIDELINES AND INSTITUTIONAL PROTOCOLS STRICTLY.

COORDINATE MULTIDISCIPLINARY COMMUNICATION AMONG CARDIOLOGISTS, RADIOLOGISTS, AND MR| TECHNOLOGISTS.

e EDUCATE PATIENTS ABOUT THE IMPORTANCE OF REPORTING IMPLANTED DEVICES AND POTENTIAL RISKS.

FREQUENTLY AsSkeD QUESTIONS

ARE ARTIFICIAL HEART VALVES SAFE FOR MR| scANs?

MOST MODERN ARTIFICIAL HEART VALVES ARE DESIGNED TO BE MRI-SAFE OR MRI-CONDITIONAL, MEANING THEY CAN SAFELY
UNDERGO MR| SCANS UNDER SPECIFIC CONDITIONS. HOWEVER, IT IS ESSENTIAL TO CONSULT THE DEVICE'S DOCUMENTATION AND
A HEALTHCARE PROVIDER BEFORE THE SCAN.

WHAT ARE THE RISKS OF MRI| FOR PATIENTS WITH ARTIFICIAL HEART VALVES?

RISKS MAY INCLUDE HEATING OF THE VALVE, MOVEMENT OR DISPLACEMENT, AND IMAGE ARTIFACTS THAT CAN INTERFERE WITH
DIAGNOSTIC QUALITY. HO\X/EVER/ THESE RISKS ARE GENERALLY LOW WITH CONTEMPORARY VALVES APPROVED FOR MRI USE.



Do ALL TYPES OF ARTIFICIAL HEART VALVES HAVE THE SAME MRI| SAFETY PROFILE?

No. MECHANICAL VALVES, BIOPROSTHETIC VALVES, AND TRANSCATHETER VALVES MAY HAVE DIFFERENT MRI SAFETY PROFILES.
MECHANICAL VALVES OFTEN CONTAIN METAL COMPONENTS THAT CAN CAUSE ARTIFACTS, BUT MANY ARE STILL MRI-
CONDITIONAL.

WHAT MR| CONDITIONS ARE RECOMMENDED FOR PATIENTS WITH ARTIFICIAL HEART
VALVES?

CONDITIONS TYPICALLY INCLUDE LIMITATIONS ON MRI FIELD STRENGTH (USUALLY 1.5T or 3T), SPECIFIC ABSORPTION RATE
(SAR) LIMITS, AND SCAN DURATION. FOLLOWING MANUFACTURER GUIDELINES AND CLINICAL PROTOCOLS IS CRUCIAL.

How CAN | FIND OUT IF MY ARTIFICIAL HEART VALVE IS MRI| SAFE?

CHECK YOUR DEVICE IDENTIFICATION CARD OR IMPLANT DOCUMENTATION FOR MRI SAFETY INFORMATION. YOU CAN ALSO
CONTACT THE VALVE MANUFACTURER OR YOUR CARDIOLOGIST FOR SPECIFIC GUIDANCE.

CAN MRI| SCANS DAMAGE AN ARTIFICIAL HEART VALVE?

MR| SCANS DO NOT TYPICALLY DAMAGE ARTIFICIAL HEART VALVES, ESPECIALLY THOSE LABELED AS MRI-sAFE or MRI-
CONDITIONAL. THE MAGNETIC FIELDS AND RADIOFREQUENCY ENERGY ARE UNLIKELY TO IMPAIR VALVE FUNCTION.

WILL AN ARTIFICIAL HEART VALVE AFFECT MRI| IMAGE QUALITY?

YES/ METALLIC COMPONENTS IN SOME ARTIFICIAL HEART VALVES CAN CAUSE ARTIFACTS ON MR IMAGES, POTENTIALLY
OBSCURING NEARBY ANATOMY. RADIOLOGISTS OFTEN ADJUST IMAGING PROTOCOLS TO MINIMIZE THESE EFFECTS.

IS THERE A NEED FOR SPECIAL MONITORING DURING MR| FOR PATIENTS WITH ARTIFICIAL
HEART VALVES?

IN SOME CASES, PATIENTS MAY REQUIRE MONITORING OF HEART FUNCTION OR VITAL SIGNS DURING MR|/ ESPECIALLY IF THEY
HAVE ADDITIONAL CARDIAC DEVICES OR CONDITIONS. THIS IS DETERMINED ON A CASE-BY-CASE BASIS BY THE MEDICAL TEAM.

ADDITIONAL RESOURCES

1. MAGNETIC RESONANCE IMAGING AND ARTIFICIAL HEART VVALVES: SAFETY ProTOCOLS AND GUIDELINES

THIS BOOK OFFERS A COMPREHENSIVE OVERVIEW OF MR| SAFETY CONSIDERATIONS SPECIFIC TO PATIENTS WITH ARTIFICIAL
HEART VALVES. [T COVERS THE PHYSICAL PRINCIPLES OF MRI INTERACTION WITH METALLIC IMPLANTS AND PROVIDES EVIDENCE-
BASED GUIDELINES TO MINIMIZE RISKS. CLINICIANS AND RADIOLOGISTS WILL FIND PRACTICAL ADVICE ON SCREENING, IMAGING
PROTOCOLS, AND POST-MR| MONITORING.

2. ADVANCED IMAGING OF CARDIAC PROSTHESES: MRI TECHNIQUES AND SAFETY

FocusING oN ADVANCED MRI TECHNIQUES, THIS TEXT EXPLORES HOW TO SAFELY IMAGE PATIENTS WITH CARDIAC PROSTHETIC
DEVICES, INCLUDING ARTIFICIAL HEART VALVES. |T DELVES INTO DEVICE COMPATIBILITY, ARTIFACT MANAGEMENT, AND THE
LATEST SAFETY STANDARDS. THE BOOK ALSO REVIEWS CASE STUDIES HIGHLIGHTING SUCCESSFUL IMAGING STRATEGIES.

3. ARTIFICIAL HEART V/ALVES IN THE MRI ENVIRONMENT: RISKS, MANAGEMENT, AND INNOVATIONS

THIS BOOK EXAMINES THE POTENTIAL RISKS ASSOCIATED WITH MRI SCANS IN PATIENTS WITH ARTIFICIAL HEART VALVES AND
DISCUSSES CURRENT MANAGEMENT STRATEGIES. |T ALSO COVERS EMERGING TECHNOLOGIES DESIGNED TO IMPROVE VALVE SAFETY
AND MRI COMPATIBILITY. READERS WILL GAIN INSIGHT INTO ONGOING RESEARCH AND FUTURE DIRECTIONS.

4. Carpiac MRI SAFETY: FocUs oN PROSTHETIC VVALVE PATIENTS
DEDICATED TO CARDIAC MRI SAFETY, THIS TITLE ADDRESSES THE UNIQUE CHALLENGES FACED WHEN IMAGING PATIENTS WITH
PROSTHETIC HEART VALVES. |T PROVIDES DETAILED PROTOCOLS FOR PRE-SCAN EVALUATION, DEVICE-SPECIFIC SAFETY



CONSIDERATIONS, AND TROUBLESHOOTING TECHNIQUES TO REDUCE IMAGING ARTIFACTS. THE BOOK IS IDEAL FOR
CARDIOLOGISTS AND RADIOLOGY TECHNOLOGISTS.

5. ImPLANTABLE CARDIAC DEVICES AND MRI: ENSURING SAFETY WITH ARTIFICIAL VVALVES

THIS VOLUME DISCUSSES THE INTERSECTION OF IMPLANTABLE CARDIAC DEVICES, INCLUDING ARTIFICIAL HEART VALVES, AND MR
SAFETY. IT COVERS REGULATORY STANDARDS, DEVICE TESTING, AND RISK ASSESSMENT MODELS. THE BOOK ALSO HIGHLIGHTS
MULTIDISCIPLINARY APPROACHES TO SAFELY CONDUCT MRI| EXAMS IN THIS PATIENT POPULATION.

6. MRI ComPATIBILITY OF ARTIFICIAL HEART VALVES: A CLINICAL GUIDE

PROVIDING A CLINICAL PERSPECTIVE, THIS GUIDE REVIEWS THE MR| COMPATIBILITY OF VARIOUS ARTIFICIAL HEART VALVE
MODELS. |T EXPLAINS MATERIAL COMPOSITION, MAGNETIC SUSCEPTIBILITY, AND THEIR IMPLICATIONS FOR IMAGING SAFETY. THE
TEXT INCLUDES PRACTICAL RECOMMENDATIONS FOR CLINICIANS TO OPTIMIZE PATIENT CARE AND IMAGING OUTCOMES.

7. SAFETY AND IMAGING CHALLENGES OF ARTIFICIAL HEART VALVES IN MR/

THIS BOOK EXPLORES THE SAFETY CONCERNS AND IMAGING CHALLENGES POSED BY ARTIFICIAL HEART VALVES DURING MR
PROCEDURES. TOPICS INCLUDE THERMAL EFFECTS, MECHANICAL DISPLACEMENT RISKS, AND ARTIFACT REDUCTION TECHNIQUES. T
SERVES AS A RESOURCE FOR HEALTHCARE PROFESSIONALS INVOLVED IN CARDIAC IMAGING AND DEVICE MANAGEMENT.

8. CARDIAC PROSTHESES AND MRI: BALANCING DIAGNOSTIC BENEFITS AND SAFETY RISKS

THIS PUBLICATION BALANCES THE DIAGNOSTIC VALUE OF MR| WITH THE SAFETY RISKS ASSOCIATED WITH CARDIAC
PROSTHESES LIKE ARTIFICIAL HEART VALVES. |T PRESENTS EVIDENCE-BASED RISK-BENEFIT ANALYSES AND DECISION-MAKING
FRAMEWORKS. THE BOOK ENCOURAGES INFORMED CLINICAL JUDGMENT TO MAXIMIZE PATIENT SAFETY WITHOUT COMPROMISING
DIAGNOSTIC QUALITY.

Q. INNOVATIONS IN ARTIFICIAL HEART V/ALVE DESIGN FOR MR SAFETY

HIGHLIGHTING RECENT INNOVATIONS, THIS TEXT FOCUSES ON THE DESIGN IMPROVEMENTS IN ARTIFICIAL HEART VALVES AIMED AT
ENHANCING MRI SAFETY. IT DISCUSSES BIOCOMPATIBLE MATERIALS, REDUCED MAGNETIC INTERFERENCE, AND DESIGN FEATURES
THAT FACILITATE SAFER IMAGING. RESEARCHERS AND DEVICE MANUFACTURERS WILL FIND VALUABLE INSIGHTS INTO FUTURE
TRENDS AND DEVELOPMENT.
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