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Introduction

Magnetic Resonance Imaging (MRI) is a cornerstone of modern diagnostic medicine, offering unparalleled
soft tissue contrast without ionizing radiation. For technologists, mastering MRI involves more than operating a
machine; it demands a deep understanding of physics, patient safety, and meticulous workflow. This article
presents a comprehensive, step by step guide tailored for MRI technologists, blending practical instruction with best
practices that enhance image quality, patient comfort, and departmental efficiency.

1. Foundations of MRI Technology

1.1 How MRI Works

At its core, MRI exploits the magnetic properties of hydrogen nuclei in the body. When placed in a strong magnetic
field, these protons align with the field. Radiofrequency pulses perturb this alignment, and as protons return to
equilibrium, they emit signals captured by receiver coils. The signals are processed to construct detailed
cross sectional images.

1.2 Key Components of an MRI System
¢ Magnet — Provides the static magnetic field (B €). Modern scanners use 1.5 /T or 3 /T magnets.
¢ Gradient Coils — Produce spatially varying magnetic fields for slice selection and spatial encoding.
¢ RF Transmit/Receive Coils — Emit excitation pulses and receive emitted signals.
e — Control hardware, execute pulse sequences, and reconstruct images.
1.3 Safety Principles
Safety is paramount. The three pillars are:
1. Magnetic Safety — Avoid ferromagnetic objects.

2. RF Safety — Prevent excessive tissue heating (SAR limits).
3. Gradient Safety — Minimize peripheral nerve stimulation (PNS).

2. Pre Imaging Preparation

2.1 Patient Screening and History

Before any scan, conduct a thorough screening interview:
¢ Assess for implants, pacemakers, cochlear implants, or metallic foreign bodies.
¢ Review pregnancy status and recent metal exposure.
e Check for claustrophobia, anxiety, or hearing impairment.

2.2 Informed Consent and Education

Explain the procedure, potential sensations (e.g., loud noises, compression), and any contrast agent risks. Provide
written materials and answer questions to reduce anxiety.

2.3 Clothing and Metal Removal

Instruct patients to remove all metal items. Use non metallic clothing or provide a gown. Verify the removal of



jewelry, watches, and hairpins with a handheld magnet.

2.4 Contrast Media Considerations
For gadolinium based agents:
e Confirm renal function (eGFR) to avoid nephrogenic systemic fibrosis.

e Check for allergies to contrast agents.
¢ Determine dosing based on weight and protocol.

3. Equipment Setup and Calibration

3.1 Magnet Warm Up and Stability Check

Ensure the magnet is at the target field strength. Perform a field homogeneity check (BO shimming) before patient
positioning.

3.2 Coil Selection and Placement

Select the appropriate RF coil (e.g., head coil, spine coil, surface coil) based on the anatomy. Verify coil integrity
and correct orientation.

3.3 Gradient Calibration

Run the gradient system check to confirm linearity and limit compliance. Adjust gradient amplitude if necessary.

3.4 RF Power Calibration

Calibrate the transmit power to achieve the desired flip angle while staying within SAR limits. Use phantom scans to
verify uniformity.

4. Patient Positioning and Comfort

4.1 Standard Positioning Techniques
¢ Head and Neck — Use a padded headrest and optional foam cushions.
e Spine — Align the spine with the bore axis; use cushions to reduce pressure points.
e Extremities — Position limbs to avoid claustrophobia and motion artifacts.

4.2 Use of Immobilization Devices

Employ foam pads, vacuum mattresses, or custom molds for patients who cannot remain still. Document any
immobilization devices used.

4.3 Addressing Claustrophobia and Anxiety

Provide earplugs or headphones, offer a mirror, and use a video or audio guide to keep the patient engaged.

4.4 Monitoring Vital Signs

For contrast studies or high risk patients, monitor heart rate, oxygen saturation, and blood pressure before and after
the scan.

5. Image Acquisition Workflow

5.1 Protocol Selection

Choose the appropriate protocol based on the clinical indication. Verify parameters such as TR, TE, flip angle, slice
thickness, and field of view.



5.2 Sequence Execution

Follow the sequence order: start with scout images, then proceed to axial, sagittal, and coronal planes as needed.
Use the following checklist:

1. Scout images (fast localizer).

2. Primary imaging sequences (T1, T2, FLAIR, DWI).

3. Contrast enhanced sequences if indicated.

4. Post contrast or additional sequences (e.g., SWI, MR angiography).
5.3 Real Time Adjustments

During acquisition, monitor the signal-to-noise ratio (SNR) and adjust parameters such as bandwidth or matrix size.
If artifacts appear, pause and re evaluate coil placement or shimming.

5.4 Parallel Imaging and Acceleration

Utilize techniques like SENSE or GRAPPA to reduce scan time while maintaining image quality. Adjust acceleration
factors based on the coil array and patient size.

5.5 Contrast Administration Timing

Coordinate with the radiology technologist or nurse to administer the contrast agent at the optimal time point. Use a
bolus tracking system for dynamic studies.

6. Quality Assurance and Artifact Management

6.1 Routine QA Checks

Perform daily QA: check signal uniformity, geometric distortion, and image resolution. Document results in the QA
log.

6.2 Common Artifacts and Mitigation

* Motion Artifacts — Use breath hold techniques, immobilization, or fast sequences.
e Susceptibility Artifacts — Adjust echo time, use shimming, or reposition the patient.
* RF Inhomogeneity — Employ B1 shimming or adjust transmit power.
« Gradient Nonlinearity — Verify calibration and correct in reconstruction.

6.3 Patient Related Factors

Consider age, body habitus, and comorbidities that may influence image quality. Adjust protocols accordingly (e.g.,
higher field strength for small patients).

7. Post Processing and Image Review

7.1 Initial Image Assessment

Immediately review images for completeness, artifacts, and diagnostic adequacy. Use the workstation’s
measurement tools to confirm slice thickness and orientation.

7.2 Advanced Post Processing

» 3D Reconstruction — Generate volumetric datasets for surgical planning.
« Diffusion Tensor Imaging (DTI) — Use tractography for neuroanatomy.
e Functional MRI (fMRI) — Process BOLD signals for brain mapping.

7.3 Reporting and Archiving



Export images in DICOM format, ensuring proper patient identifiers and study metadata. Archive the study in the
PACS with appropriate tags for easy retrieval.

7.4 Collaboration with Radiologists

Communicate any concerns or abnormalities observed during the scan. Provide a concise technical report
summarizing protocol adherence and image quality.

8. Troubleshooting Common Technical Issues

8.1 RF Power Problems

If the signal is weak, check the RF coil connections, power supply, and transmit calibration. Replace defective
cables if necessary.

8.2 Gradient Instability

Unstable gradients can cause blurring or distortion. Verify gradient coil temperature, check for loose connections,
and run a gradient stability test.

8.3 Magnet Drift

Field drift may occur due to temperature changes. Re shim the magnet if drift exceeds acceptable limits.

8.4 Patient Related Issues

Unexpected movement or discomfort can compromise image quality. Re educate the patient, adjust positioning, or
use sedation protocols if clinically indicated.

9. Continuous Professional Development

9.1 Staying Updated on Protocols

Regularly review literature, attend vendor workshops, and participate in online courses to stay abreast of evolving
sequences and safety guidelines.

9.2 Simulation and Phantom Training

Use phantoms to practice new sequences and troubleshoot without patient risk. Simulate different body sizes and
pathologies.

9.3 Peer Review and Feedback

Engage in peer review sessions to critique image quality and workflow efficiency. Incorporate feedback into daily
practice.

10. Ethical and Legal Considerations

10.1 Patient Privacy

Adhere to HIPAA or local privacy regulations when handling patient data. Ensure secure transmission and storage
of DICOM files.

10.2 Informed Consent for Contrast

Document patient consent for contrast agents, including potential risks and alternatives.

10.3 Reporting Incidents

Report any adverse events, equipment failures, or safety incidents to the appropriate department and maintain an



incident log.
Conclusion

Mastering MRI requires a blend of technical proficiency, patient centric care, and relentless attention to detail. By
following this step by step approach—starting from patient screening, through meticulous equipment calibration,
precise positioning, and rigorous quality assurance—technologists can deliver high quality images that empower
clinicians and improve patient outcomes. Continuous learning, collaboration, and adherence to safety protocols will
keep you at the forefront of this dynamic field.
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