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The Evolution of Clinical Imaging

! Technical advances-improving the
technical quality of the images

! Improving the ability to review and
interpret the images-digital age

Trends

! Structure-function (anatomy-
physiology/metabolism)

! Diagnostic accuracy (sensitivity-
specificity)



The Continued Evolution of
Clinical Imaging

! Extracting the maximum amount of
diagnostic information from the images

! Relating imaging features to pathology,
physiology, and biology
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Behavior of Contrast Agent in Body
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Injection

of

Contrast

Agent

Kidney

" Depends on:

! Cellular density or “Extracellular Volume Fraction”

! Blood vessel permeability “Microvascular Permeability”

Blood Stream



Dynamic Contrast Enhanced MRI

(DCEMRI)
Components

" “High-field” MRI machine
(1.0 tesla or greater)

" Standard breast coil

" Gadolinium contrast agent
(GdDTPA)

" Images taken at several
time points (spatial vs
temporal resolution

" Software algorithm
processes data for either
parametric maps or semi-
quantitative  plots





VEGF Mediated

Angiogenesis
Anti-Angiogenesis

Imaging angiogenesis-MR-DSC, DCE, ASL

                   Brain Tumors-GBM’s

Paradoxical improvement in imaging parameters

followed by clinical progression or worsening of 

Imaging parameters with no tumor progression



Cardiomyocytes (red) and 

fibroblasts (green) isolated 

from chicken embryo heart.

Scale

Radiogenomics in Diagnosis





Otto Warburg, 1931

Cancer cells will undergo glycolysis 

even in the presence of oxygen

Opposite of the Pasteur effect

Copyright ©2006 American Association for Cancer Research

Kim, J.-w. et al. Cancer Res 2006;66:8927-8930

Figure 1. Molecular underpinnings of the Warburg effect



Good News

We can image glycolysis with FDG PET

Glucose and FDG metabolism.

Hoffman J M , Gambhir S S Radiology 2007;244:39-47

©2007 by Radiological Society of North America



Glucose and FDG metabolism.

Hoffman J M , Gambhir S S Radiology 2007;244:39-47

©2007 by Radiological Society of North America

Glycolyisis is common trait of metastatic

cancers

Table 4.  Sensitivity and Specificity of FDG PET for detection of 

metastases (data culled from reference (39)) 

Cancer metastasis  Sens Spec 

 Range median range median  

NSCLC - mediastinal  67-100 94 84-100 100 

CRC  - LN & hepatic  73-100 95 96-100 100 

Melanoma  70-100 100 77-100 100 

Lymphoma  50-100 80 87-100 92 

Breast  83-100 97 75-100 97 

Cervical – LN 3-100 72 92-100 100 

Esophageal – distant  69-100 91 67-93 91 

Prostate – LN & bone  40-75 65 n/a  

 J. Nuc. Med. 49(2):24S-42S, 2008
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CNS Disease Modeling

Time Series Analysis:

Can “Chronobiopsy” 

of individual lesions 

predict pathological stage 

and disease progression?



Total lesion burden
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Timing and Sequence of Pathological

Processes

Inflammation ~ days - weeks

•Blood Brain Barrier breakdown

•Edema

•Cellular Infiltration

Degeneration
•Demyelination  ~ weeks-months 

•Axonal/Neuronal Damage

Repair ~ months-years?

•Macrophage activity

•Astrocytosis

•Remyelination

•Axonal Repair?



TSA Examples (patient 2)

enhancement ~4 weeks

residual

damage T2w

residual

damage PDw

T1-Gd+ PDw T2w

propagation

Meier and Guttmann, NeuroImage, 2003;20:1193-209
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Features / Parameters

Y1: Inflammation

       Degeneration

Y2:  Resorbtion

        Repair

Y1 + Y2
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Meier and Guttmann, NeuroImage, 2006
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• reduced short-term lesion recovery was associated

with greater atrophy rates and disability.

• smaller lesions disproportionally more damaging:

leaving more residual,  associated with greater

disability.

Meier,Weiner, Guttmann, AJNR, 2007, 28:1956-63

Spatial Analysis:

Does normal cerebral

perfusion predict lesion 

prevalence at different 

locations? 



Fact: Repair Does Occur in

MS

1. When?

2. Under what Conditions?

T1-Gd activity
T2 subacute activity
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Does perfusion modulate brain

repair?

 

Voxel Based Morphometry (VBM)



Context

Based

Morphometry

(CBM)

Healthy

Perfusion

Atlas

Tc-99m

SPECT

N = 47

 

Context Based Morphometry

(CBM)

Early MS (N=89)



 

Context Based Morphometry

(CBM)

MS (N=1249)


