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INTRODUCTION

MRI is an acronym meaning magnetic resonance imaging, sometimes known as cardiac MRI. It is a medical imaging technology for the non-invasive assessment of the function and structure of the cardiovascular system.

     Magnetic resonance imaging (MRI) is an imaging technique that uses a magnetic field and radio waves to image the body. The MRI modality differs from X-ray imaging because MRI does not use iodizing radiation to produce images. The advent of MRI technology has resulted in considerable medical advances, because clinicians have been able to arrive at more precise diagnoses and provide more focused disease management in many therapeutic areas, including orthopedics, oncology, and neurology. The imaging field is constantly advancing, and radiologists may soon have the option to switch from traditional MRI machines to those that offer greater field strength. As the availability of the stronger 3 Tesla (3T) MRI appears on the horizon, radiologists are faced with the process of weighing the pros and cons of adopting this newer technology. This article will review the benefits and limitations of using 3T MRI in the clinical setting, addressing important issues in specific clinical applications.
CHAPTER 1

EVOLUTION OF MRI

   
The MRI modality is based on a physical phenomenon called nuclear magnetic resonance (NMR), which was discovered in 1931 by Isidor Rabi and his colleagues.1 The NMR phenomenon is observed when a substance is placed in a magnetic field and radio waves are applied. As a result of this process, the atoms of the substance will emit tiny, detectable radio signals. The strength of the magnetic field is measured in the unit referred to as the Tesla (T). Today's clinical MRI scanners typically operate at a strength of between .35T to 3T. MRI systems in operation today are classified as either low field (.35T), mid field (.5-.7T), high field (1-1.5T), or ultra high field (≥3T). In contrast to MRI field strengths, the strength of the Earth's gravitational pull is approximately 0.00005T. Consequently, a 1T MRI scanner uses a magnetic field that is 20 000 times the gravitational pull of the Earth, and a 3T MRI scanner operates at a strength of 60 000 times the gravitational pull of the Earth

     
The phenomenon of nuclear magnetic resonance (NMR) was first described in molecular beams (1938) and bulk matter (1946), work later acknowledged by the award of a joint Nobel prize in 1952. Further investigation laid out the principles of relaxation times leading to nuclear spectroscopy. In 1973, the first simple NMR image was published and the first medical imaging in 1977, entering the clinical arena in the early 1980s. In 1984, NMR medical imaging was renamed MRI. Initial attempts to image the heart were confounded by respiratory and cardiac motion, solved by using cardiac ECG gating, faster scan techniques and breath hold imaging. Increasingly sophisticated techniques were developed including cine imaging and techniques to characterise heart muscle as normal or abnormal (fat infiltration, oedematous, iron loaded, acutely infarcted or fibrosed).

Early Discoveries and Research Applications

Felix Bloch and Edward Purcell were both awarded the Nobel Prize in 1952. Both of these individuals independently discovered the MR phenomenon in 1946. In the subsequent 2 decades, NMR was developed and used for chemical and physical molecular analysis.2
The Road to Clinical Application

Raymond Damadian discovered in 1971 that the nuclear magnetic relaxation times of tissues and tumors differed, which motivated scientists and physicians to consider MR for the detection of disease. Subsequently, in 1973, Paul Lauterbur demonstrated the MRI phenomenon on small test tube samples using a gradient approach to scanning. In 1975, Richard Ernst proposed MRI using phase and frequency encoding, and the Fourier Transform. This technique is the basis of current MRI techniques for 2D and 3D image/slice reconstruction.Meanwhile, Raymond Damadian founded the FONAR (Field Focused Nuclear Magnetic Resonance) Corporation to produce commercial MRI scanners in 1978. His prototype whole-body scanner, named Indomitable, produced the first whole-body patient images in 1977. Although the Indomitable prototype did not immediately result in a commercially viable product, the FONAR Corporation began producing commercial scanners in 1980.

Current MRI Systems in Clinical Practice

The MRI technology first became available in clinical practice in the 1970s, most of which operated at a strength of .6T.  During the following decade, stronger 1.5T MRI systems were introduced. Imaging systems with a strength of 1.5T are now considered the clinical gold standard for current MRI modalities. In 1998, the US Food and Drug Administration (FDA) gave marketing clearance for scanners operating at strengths of up to 4T, and in 2002, the agency approved some 3T scanners for the brain and the whole body. Four years ago, more than 100 of these machines had been installed, and it was suggested that 3T was likely to become the eventual standard in MRI.

CHATER 2

ROLE OF MRI IN CARDIOLOGY

     
MRI of the heart may be performed for further evaluation of signs or symptoms that may suggest:

· Atherosclerosis. A gradual clogging of the arteries over many years by fatty materials and other substances in the blood stream

· Cardiomyopathy. An enlargement of the heart due to thickening or weakening of the heart muscle

· Congenital heart disease. Defects in one or more heart structures that occur during formation of the fetus, such as a ventricular septal defect (hole in the wall between the two lower chambers of the heart)

· Congestive heart failure. A condition in which the heart muscle has become weakened to an extent that blood cannot be pumped efficiently, causing buildup (congestion) in the blood vessels, lungs, feet, ankles, and other parts of the body

· Aneurysm. A dilation of a part of the heart muscle or the aorta (the large artery that carries oxygenated blood out of the heart to the rest of the body), which may cause weakness of the tissue at the site of the aneurysm

· Valvular heart disease. Malfunction of one or more of the heart valves that may cause an obstruction of the blood flow within the heart

· Cardiac tumor. A tumor of the heart that may occur on the outside surface of the heart, within one or more chambers of the heart (intracavitary), or within the muscle tissue of the heart

    
 In the investigation of cardiovascular disease the physician has a wide variety of tools available. The key disadvantages of CMRI are limited availability, expense, and special skills/technical training needed to perform CMR (vs other types of MRI). The key advantages are image quality, non-invasiveness, accuracy, versatility and no ionising radiation.

MRA (magnetic resonance angiography) can produce 3D and 4D images of blood vessels and the flow of blood through the vessels.

