Research and
Development in the field
of Magnetic Resonance
Imaging

Subtitle: An Overview of Cryogenics in Medical Imaging

* Presenter's: Matthew Woolley and Sanjeev Taak

* Date: Monday 2nd September 2024




Introduction to
MRI

*  Overview:

*  Whatis MRI?: MRI stands for Magnetic
Resonance Imaging, a non-invasive imaging
technique that uses magnetic fields and radio
waves to create detailed images of the organs
and tissues in the body.

* Importance in Medical Diagnostics: MRl is a
cornerstone in modern medicine for diagnosing
a wide range of conditions, from neurological
disorders to musculoskeletalinjuries. It
provides high-resolution images without using
ionizing radiation, making it safer compared to
X-rays and CT scans.

* Purpose of Presentation:

* Objective: To explore the development of MRI
technology, understand the principles behind it,
and discuss the crucial role that liquid helium
plays in the operation of MRI scanners.




Early Developments in MRl
Technology

Timeline:

Discovery of NMR (Nuclear Magnetic Resonance): Felix Bloch
and Edward Purcell independently discovered the principles of
NMR, which became the foundation for MRI technology. They
demonstrated that atomic nuclei could absorb and re-emit
radiofrequency energy when placed in a magnetic field.

Transition from NMR to MRI: Paul Lauterbur and Sir Peter
Mansfield developed techniques to use NMR for imaging.
Lauterbur introduced the concept of spatial encoding using
gradients in the magnetic field, while Mansfield developed
methods to rapidly acquire image data, enabling the creation of
2D and 3D images.

Key Figures:

Felix Bloch and Edward Purcell: Received the Nobel Prize in Physics in
1952 for their NMR work.

Paul Lauterbur and Peter Mansfield: Awarded the Nobel Prize in
Physiology or Medicine in 2003 for their discoveries concerning MRI.




Evolution of MRI
Technology

* 1980s:

¢ First Commercial MRl Scanners: Companies like General Electric, Siemens, and
Philips introduced the first commercial MRl systems. These early machines had
relatively low magnetic field strengths (0.5-1.5 Tesla) and required significant

o improvements in imaging speed and resolution.
Advancements: [B

e Improvements in Image Resolution and Speed: The development of gradient coils and
advanced pulse sequences allowed for faster image acquisition and higher spatial
resolution, leading to better diagnostic capabilities. Functional MRI (fMRI) also
emerged during this period, allowing the observation of brain activity in real-time.

* Modern High-Field MRI Systems: Today’s MRI systems can operate at field strengths of
C t St t . up to 7 Tesla or more, providing unprecedented image clarity and allowing for advanced
u r re n a e . research applications, such as mapping brain connectivity and studying small

anatomical structures in detail.




MRI image comparison from 3Tto 11.71

Axial view of the human brain, with the same acquisition time but different
magnetic field strengths (® CEA), HIE, accessed 30" August 2024, < healthcare-in-Europe.com>.



Challenges and
Future Trends

Challenges:

Helium Scarcity: Helium is a non-renewable resource with limited availability on Earth. Its
scarcity and rising costs pose challenges for the MRI industry and other helium-dependent
technologies.

Maintenance and Refilling: MRI systems require periodic refilling with liquid helium due to natural
boil-off, which increases operational costs and logistical challenges, especially in remote
locations.

Future Innovations:

Helium-Free MRI Systems: Researchers are developing MRI systems that use alternative cooling
methods, such as cryogen-free superconducting magnets, which eliminate the need for liquid
helium.

Helium Conservation Technologies: Advances in helium recycling and conservation techniques,
such as improved cryostats and closed-loop systems, are helping to reduce helium consumption
and ensure sustainable operation of MRl systems.



Conclusion

e Summary:

Historical Perspective: MRl has evolved from its early roots in
NMR to become a vital medical imaging tool. This evolution
was driven by key scientific discoveries and technological
innovations.

Role of Liquid Helium: Liquid helium has been essentialin
enabling the superconducting magnets that make high-field
MRI possible, showcasing the importance of cryogenicsin
medical technology.

* Closing Remarks:

Future Outlook: As MRI technology continues to advance,
ongoing research into cryogenics and helium conservation
will be crucial for the sustainable development of this
indispensable diagnostic tool.
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