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Careers in Medical Imaging

• Medical Imaging Research (PhD or MD)

• Technologists (AA)

• Physician Assistant (BA/BS/MS)

• Radiology Assistant (BA/BS)

• Radiologist (MD/DO + residency + fellowship)



Radiologists



https://www.britannica.com/science/electromagnetic-spectrum



Different Imaging Modalities: Examples

• Ultrasound uses sound waves

• CT uses X-rays

• MRI uses magnets and strong radio waves (e.g., images 
protons)

• SPECT-CT (Single-photon emission computed tomography): 
Uses radiotracers/gamma emitters (e.g., to image bones)

• PET-CT Uses radiotracers/gamma emitters (e.g., radioactive 
glucose)



Spectral, Conventional and SPECT CT: Irvine 



Notable Advances in Medical Imaging 

• Speed- faster images acquisition with more detail

• Safety- Lower radiation dose or imaging that does not 
use radiation

• Data management: More data (Artificial Intelligence)

• Image-guided therapies



Accessed Sept 21,2021 https://www.computerhistory.org/siliconengine/moores-law-predicts-the-future-of-integrated-circuits/



Moore's Law

The number of transistors on a microchip doubles 
every two years

We can expect the speed and capability of our 
computers to increase every couple of years



Rapid Advance in CT Speed

https://www.imaging.org/site/PDFS/Papers/2006/ICIS-0-736/33779.pdf
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CT Scanner Technology

0.25 sec 
@27G’s



https://www.youtube.com/watch?v=cjtHNxf01tQ



Conventional CTA 3rd Generation High-pitch DSCTA

Ultra-fast CT Angiography



Ultra-fast CT Angiography
Turbo Flash Spiral Mode

Conventional Technology Turbo Flash

321Scan 321Scan

1: Sommer WH et al. Saving dose in triple-rule-out computed tomography examination using a high-

pitch  dual spiral technique. Invest Radiol. 2010 Feb;45(2):64-71

Slide courtesy of Siemens



Conventional CTA Turbo Flash CTA

Pitch: 0.9
Duration: 6 s

Pitch: 3.2
Duration: 0.8 s

Ultra-fast CT Angiography



Speed and Growth of Imaging Data

Imaging data growth has created challenges and 
opportunities

CT scans that generated 40 images in 1990’s now generate 
10,000 images in 1/60th of time



Spectral CT

Can distinguish calcium, iodine, water and fat 

??? Calcium

140kV 80kV140kV

Uric Acid

140kV 80kV



Kidney Stone Characterization

True Unenhanced (TUE) Virtual Unenhanced (VNC) Stone Characterization (non-uric acid)



Fracture

Mixed Image Dual energy scan Mixed Image Dual energy scan



Photon Counting CT at UCI Radiology - Irvine
First in Southern California



PCCT



PCCT



PCCT



© 2020 General Electric Co.

PCCT with Spectral Imaging





Spectral CT FLASH mode



Molecular Imaging and Theranostics

• Faster SPECT/CT and PET/CT with higher image quality

• Precision therapy



Ga-PSMA PET/CT for Prostate Cancer



Breast Imaging



3D Breast Imaging: X-ray

https://www.researchgate.net/figure/Comparison-of-screening-mammography-with-breast-
tomosynthesis-in-a-57-year-old-woman-a_fig3_5670584





Safety in Medical Imaging

CT Radiation Dose



120 kV + FBP
BMI: 25.9

    CTDIvol: 14.2 mGy
    Image Noise: 17.9

Auto-kV (100) + IR
BMI: 25.3

CTDIvol: 10.5 mGy 
Image Noise: 14.2 



Ultra Low Radiation Dose CT

kV: 120; mA: 100

Standard High Dose CT 

ED: 0.629  mSv

kV: 70; mA: 10

Standard Low Dose CT 

ED: 0.012 mSv

Spectral Shaped Low Dose CT

kV: Sn100; mA: 25

ED: 0.009 mSv

Standard dose-efficient CT

kV: 70; mA: 100

ED: 0.049 mSv



MRI Technoloy



Current State-of-the-art MRI



Speed and Growth of Imaging Data

MRI can be performed 50% faster with much higher 
resolution



5 min exam 
time



Prostate MR



Prostate MR

AJR 2017; 208:131–139



Portable MRI at UCI



UCI Technologists transporting the MRI to a patient 



Normal Portable MRI of Brain



Portable MRI Brain Tumor



Benefit of Increased Computing Power

More meaningful data

Artificial intelligence 



Tumor Necrosis Quantification

AJR Am J Roentgenol. 2016 Mar;206(3):536-43. doi: 10.2214/AJR.15.15339.



Artificial Intelligence for Diagnosis





Artificial Intelligence



Artificial Intelligence





Artificial Intelligence Center at UCI SOM



Image Guided Therapies

Using imaging to guide therapy by interventional 
radiologists to treat tumors



Radiologists



Liver-Directed Therapy

• Goal is induction of necrosis in selected tumor

J. Chapiro, R. Duran, M. Lin, et al., Eur. Radiol. 25 (7) (2015 Jul) 1993-2003.
I.R. Kamel, D.A. Bluemke, J. Eng, et al., J. Vasc. Interv. Radiol. 17 (3) (2006 Mar) 505-512.



Microwave Ablation

Muneeb Ahmed; Christopher L. Brace; Fred T. Lee Jr; S. Nahum 
Goldberg; Radiology  2011, 258, 351-369.



Ablation Margin

• The thickness of the ablative margin must be at least 5 mm 
for ablation of the index tumor to be considered complete



Image-Guided MWA Liver Cancer



Embolization Therapies



HCC
Pre-TARE

One month post-TARE

Three months post-TARE

Six moths post-TARE



Uterine Fibroid Embolization by IR

Radiographics 32(6):1735-50 DOI:10.1148/rg.326125514

https://www.researchgate.net/journal/Radiographics-1527-1323
http://dx.doi.org/10.1148/rg.326125514




Prostate Artery Embolization



Ultrasound: Histotripsy
Non-invasive, Non-thermal, and Non-ionizing Focused Ultrasound



Medical Imaging Technology Advances

Significant advances in medical imaging technologies

Development of interventional techniques

Applications of artificial intelligence in medical imaging
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