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Microwave Penetra8on Depth 



There are many poten-al medical applica-ons of microwave radiometry. By analogy with 
infrared thermography, we may expect these to include detec-on of sub‐surface thermal 
anomalies such as malignant tumors, especially in the female breast; localized inflamma-ons, 
such as appendici-s; and vascular insufficiency in the limbs and in the brain. However, the 
usefulness of the technique is difficult to predict because detailed knowledge of the internal 
thermal structure of the human body is sparse. Extensive clinical evalua-on, involving 
observa-ons at more than one frequency, will be required. If simultaneous observa-ons are 
made at two well‐separated frequencies, the ability to determine the depth of a par-cular 
thermal anomaly will be improved. However, this depth resolu-on will s-ll be crude, of order 
1 cm at best, because of the long wavelengths involved. Experiments at other frequencies 
have been performed by others in the laboratory but have not been the subject of detailed 
clinical evalua-on (8). Infrared thermography has been u-lized in the detec-on of breast 
cancer for many years, and this is an area where microwave thermography is being evaluated. 
Micro‐wave thermograms at 3.3 Ghz on some 30 to 40 female pa-ents per week at Faulkner 
Hospital, Boston, are being correlated with mammography, infrared thermography, clinical, 
and, where appropriate, biopsy results. These data are the first microwave thermographic 
data taken in a systema-c, rou-ne manner in a clinical environment and should help establish 
the currently un‐known microwave emission paSerns from the breasts of normal pa-ents. 
Once these paSerns are known with confidence, an examina-on of departures can be carried 
out for diagnos-c purposes. Our ini-al data indicate good agreement with infrared paSerns, 
but insufficient data exist for any further conclusions. 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Contour Map 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Histograms of Temperature Distribu8ons: 
Cancer vs. Normal 



Receiver Operator Curve (ROC) 



ScaIerplot: Cancer vs. Normal 



Corrected ROC Curves 



A few Conclusions 



Retrospec8ve look at biopsy 
proven cancers 



Measurement Posi8ons 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From IIIE Potentials, 2003 











The first in vivo images of tumor 
angiogenesis


American Journal of Roentgenology  
1939 42:891-899


Ide AG, Baker NH, Warren, SL. Vascularization of the Brown Pearce rabbit 
epithelioma transplant as seen in the transparent ear chamber




MR Imaging circa 1982
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Rat brain signal loss following administration of Gd-DTPA
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Mansfield, Peter: “A Personal View of My 
Involvement in the Development of NMR and the 

Conception and Development of MRI” 


Also, in this intervening period, two former research

students of mine, Ian Pykett and Richard Rzedzian, emigrated

to the USA and formed a company in Boston called Advanced

NMR Systems with the object, according to the company’s

prospectus, of building and marketing an EPI machine.

Although several prototype machines were produced and

installed at various sites, EPI never really took off in a big

way commercially during that period.


“Nevertheless, an early version of EPI 
was implemented by Ian Pykett in 
1977. He succeeded in obtaining crude 
snapshot images of a test-tube phantom 
and later a live human finger.”




EPI Acquisition of Dynamic 
Susceptibility Contrast




Dynamic Susceptibility Contrast 
Imaging of Tumor Blood Volume 



Malignant Dedifferentiation 

POST GADO CBV FDG 



Evidence of Vascular Normalization with 
VEGF blockade (AZD2171, cediranib) 

Batchelor / Jain / Wen / Zhang / Benner / Chen / Sorensen / MGH-Martinos 3T TimTrio  

K-Trans Permeability Map 

Relative Vessel Size 
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Proton Density 
T2 FSE 
Post Gd T1


55 y.o. male 
2 hours after 
onset of R 
hemiparesis


Greg Sorensen, MGH Radiology

 Diffusion Follow-up CT 

 post Rx 
Transit time Blood Flow 



Diffusion Tractography




A – B = ??
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“These experiments demonstrate the potential

of magnetic resonance techniques for

high-resolution mapping of brain areas involved

in cognitive processing. Further improvements

in both spatial resolution and

sensitivity of the NMR method can be expected

with the ongoing development of

localized gradient coils and phased array

receiver coils. The sensitivity of our NMR

technique to changes in blood volume, as

distinguished from changes in blood flow

in previous radionuclide studies, offers the

possibility of performing continuous serial

imaging of cortical function with subsecond

temporal resolution using intravascular

contrast agents at equilibrium within the 

vascular space”.








Hemifield fMRI




Functional Imaging: Across Space and Time 
Anatomy, Physiology, Metabolism, Electrophysiology, Neurochemistry


High-Field fMRI 

PET 

Optical Imaging 

Anatomic MR 

MEG/EEG 

TMS 
Cortical Stim 



V1  Resolution test: “M”


desired activity pattern 
on flattened cortex 

primary visual cortex (V1) 

pre-warped stimulus 

contralateral visual hemi-field 

Jon Polimeni, and collab. w/ E. Schwartz 



Near  WM Near  pial surface Center lamina 

Activation pattern fidelity as function of cortical depth 

Harrison et al, 
Chinhcilla auditor 
cortex, Cereb. 
Cortex 2002, 12, 
p225 



Tried to Spell:  
“MGH Center for Functional Neuroimaging 

Technologies” 
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ROC Curve 



More ROC Curves 



“Star” Diagrams – Cancer vs. Normal 



Peak Power vs. Depth 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