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by Greg Freiherr

the development of Quantitative imaging: 
caught in a vicious circle
Listen to the experts and you will hear them grumble that quantitative imag-
ing in clinical practice is the victim of a Catch 22 situation.  Until the value 
of quantitative medicine is demonstrated, vendors are loathe to develop the 
necessary equipment for widespread clinical use. And because the equip-
ment is not available, researchers cannot fully demonstrate the potential of 
the quantitative imaging approach 

Dr. Daniel C. Sullivan, a professor in the 
Department of Radiology at Duke University, 
bemoaned this “chicken and egg” dilemma 
at the RSNA meeting last year. As chair of 

the Quantitative Imaging Biomarkers Alliance, who bet-
ter than he to know. Yet it is easy to see the signs if not 
the symptoms of a turn toward quantitative imaging in 
medical practice. And the disparity between “what is” and 
“should be” may not be as great as Sullivan makes out.

The imaging community is being treated to an ever 
rising tide of equipment featuring quantitative metrics. 
Some have already elbowed their way into the clinical 
mainstream, exemplified by the volumetric calcula-
tions of tumors using MR and CT performed pre- and 
post-therapy. 

A study of CT and MR imaging reports performed at 
Vanderbilt University found that 44 percent of the reports 
contained at least one quantitative metric. Sullivan cited 
this study in a presentation at RSNA2012, but noted that 
just two percent of these studies contained an “advanced 
quantitative metric.” On this, Sullivan has a point.

Mainstream radiology has been in general very progres-
sive in its adoption of advanced and sophisticated technol-
ogies, but generally only if such technologies enhanced the 
ability of radiologists to “see” structures inside the body. 
This attitude is amply demonstrated by the enthusiastic 
adoption of CT, MR and digital ultrasound in the 1970s 
and 80s, and PET/CT in the early 2000s. In contrast, how-
ever, radiology has been slow to embrace numerical aids in 
general and “quantitative imaging” in particular. 

But radiologists are not to blame for this situation;  this 
is demonstrated in the dichotomy playing out today in the 
field of ultrasound.

Practitioners in the United States can display an 
“adjustable numerical scale” of shear wave velocity on 

Supersonic Imagine’s Aixplorer system, but they are not 
allowed to obtain a digital quantitation, even though such 
metrics are available on Aixplorers sold outside the U.S. 
The numerical scale shown to U.S. radiologists is a vertical 
bar, analog in nature, rising next to a number scale accom-
panied by a bar showing color variations ranging from 
blue to red. This numerical scale allows the user to fine 
tune the velocity range of the colors so as to enhance the 
visualization of tissue elasticity between different organs 
and structures. 

Responsible for the creation of this odd mix of digital 
and analog capabilities is the FDA, arguably one of the 
world’s most conservative regulators. It is important to note 
that the third-party payer insurance system in the U.S., — 
and not a federal commitment to innovation —, propelled 
the sale of imaging equipment in the U.S. during the latter 
part of the 20th century. Now this system is becoming 
increasingly hamstrung by fiscal realities and,  understand-
ably, demand for innovative equipment sales is faltering.

Greg Freiherr is head of the US-based firm, the Freiherr group, 
which specializes in corporate consulting and editorial services 
for the medical imaging industry 
email: greg.freiherr@gmail.com 

An “adjustable numerical scale” of shearwave velocity on Supersonic Imagine’s 
Aixplorer is accompanied by a number scale showing color variations ranging 
from blue to red. Together they allow the user to fine tune the velocity range 
of the displayed colors, thus enhancing the visualization of tissue elasticity.  
Versions outside the U.S. provide quantitative measurements. Image courtesy 
of Supersonic Imagine .
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Paradoxically, this newfound sense of realism may be just 
what quantitative imaging needs to grow. Traditionally medi-
cine in the U.S. has been practiced as more art than science. 
But today budget-conscious managers in the halls of the U.S. 
Congress and cubicles of insurance companies are demand-
ing more science and less art. They want to know whether a 
therapy is cost effective — whether very expensive efforts are 
producing the desired outcome or if some other tack should 
be tried. Identifying the earliest signs of disease is becom-
ing a priority as physicians intuitively realize that earlier  
intervention may extend patients’ lives.

QuaNTITaTION OFFers preCIsION
Advances in diagnosis and patient management may come 
through the increased sensitivity afforded by quantitation. 
German researches are counting the pixels in dynamic con-
trast-enhanced MR to calculate blood flow as the means for 
determining regional lung perfusion in patients suspected 
of chronic obstructive pulmonary disease. Patients are being 
diagnosed on the basis of blood flow abnormalities and the 
effectiveness of treatment is assessed on the remediation of 
these quantitatively determined abnormalities.

Nowhere are such quantitative measures more likely to take 
root, however, than in oncology. 

Quantitative measurements may define in a matter 
of weeks or months whether a specific therapy is having 

the desired effect. When studying experimental drugs, the 
time savings can translate into shorter clinical trials and  
substantially lower costs.  

The Quantitative Imaging Biomarkers Alliance is studying 
the potential of volumetric CT as a means to increase the value 
of information obtained from individual test subjects with 
the goal of needing to enroll fewer subjects in clinical trials in 
order to reliably establish drug response. 

Dr. Mitchell Schnall, chair of the Department of Radiology 
at the Perelman School of Medicine at the University of Penn-
sylvania, believes that today’s clinical trials will be tomorrow’s 
practice guidelines. For this to happen, however, mainstream 
practitioners will need access to the tools being proven in 
research. Sullivan contends that vendors are not keeping up. 
But it may be more a question of knowing where to look.

Quantitative tools for MR and CT are easy to find. These 
may be available with the purchase of advanced MR and CT 
scanners. Alternatively they may be acquired separately or 
from specialty vendors. Germany-based Mint Medical offers 
a treatment assessment tool, called mint Lesion 2.0, for radiol-
ogy and oncology that quantitatively measures tumor volume 
over time to assess success of therapy. It automatically deduces 
quantitative information, including density and intensity on 
the image, while correlating and matching lesions data in 
follow-up assessments.

On the leading edge of R&D are quantitative measures 
that leverage diffusion-weighted MRI (DWI) and dynamic 
contrast-enhanced MRI (DCE). In DWI, fluids diffuse along 
a field gradient, thereby reducing the MRI signal. Using the 
signal to quantitate the degree of fluid mobility indicates 
the cellularity of the tumor. In DCE, the appearance of the 
tumor changes in relation to the degree of vascularity, which 

The volume of a tumor (yellow) reconstructed from CT data is calculated by a Vital 
Images’ Vitrea workstation. Such volumes, plotted over time, can be used to indicate 
the effectiveness of therapy.  Image courtesy of Vital Images

Images reconstructed from PET/CT dramatically demonstrate the presence of tumors. 
These can then be outlined and their area or volume calculated to provide quantita-
tive measures of the disease. Image courtesy of GE Healthcare.

“ ...radiology has been slow to 
embrace numerical aids in general and 
quantitative imaging in particular....”
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is highest in aggressive tumors fed by a 
growing blood supply. 

The potential of such metrics are 
seen in a study performed at the 
University of Washington in Seattle, 
which found significant correlations 
between DWI and DCE and major 
histopathologic biomarkers of breast 
cancer determined from biopsy. 
Although the data were deemed pre-
liminary, the Seattle team expressed 
hope that MRI might one day provide  
valuable noninvasive guid-
ance for selecting and guiding  
targeted therapies. 

a lONG hIsTOry OF QuaNTITaTION
Such MR and CT applications are 
among the most recent quantitative pos-
sibilities to pop up on the radar screen. 
But quantitative tools in radiology go 
way back. Bone densitometry as applied 

in the early 1990s produced nothing but 
quantitative measures. These metrics 
indicated the vulnerability of patients 
to developing osteoporosis and the like-
lihood that these patients would ben-
efit from drug treatments designed to 
increase bone density.

Bone densitometry was available 
through x-ray and ultrasound technolo-
gies – and even earlier as adjuncts to 
CT. Quantitative CT software packages 
were sold by the major vendors of imag-
ing equipment, but they were mostly 
promoted by such niche companies as 
Mindways, which is still actively selling 
a QCT product today.

Breast density, another quantitative 
measure, is a more recent development. 
The density of a breast is determined by 
the amount of glandular tissue, ducts 
and fibrous connective tissue. These 
absorb X rays, potentially obscuring 
microcalcifications, lumps and cysts. 
Dense breasts, therefore, can present a 
diagnostic challenge.

Software companies such as Matakina 
International today sell software for 
measuring the density of breasts. Used 
in conjunction with mammography, 
Matakina’s Volpara product generates a 

quantitative measurement that physi-
cians can use to assess whether addi-
tional tests, such as breast MR, should 
be performed. 

Toward that end, the makers of digi-
tal mammography systems are devel-
oping technologies that will measure 
breast density as part of a routine exam. 
Single-shot spectral imaging, available 
on MicroDose mammography systems 
sold by Philips outside the U.S., pro-
duces breast density measurements in 
the same examination as a low-dose 
mammogram.

Some of the most readily available 
— and seldom used —quantitative tools 
involve MR spectroscopy. Here spectral 
MR data identify metabolites, provid-
ing a glimpse of the patient’s cellular 
metabolism. Theoretically, such meta-
bolic snapshots comprised of images 
and spectra should be able to uncover 
the earliest signs of disease. 

One of these signs may be an “onco-
metabolite” identified at the Winship 
Cancer Institute at Emory University in 
Atlanta, GA. This molecule, 2-hydroxy-
glutarate, is rarely found in normal tis-
sues, but is common in brain tumors 
carrying mutations of the enzyme iso-
citrate dehydrogenase. Not only might 
MR spectra prove definitively the pres-
ence of such cancers, but MRS might 
also be used to assess the efficacy of 
treatment, according to Erwin Van 
Meir, Ph.D., professor of neurosurgery 
and hematology and medical oncology 
at Winship Cancer Institute. A decrease 
in the level of this oncometabolite, as 
seen by MRS, indicates that the therapy 
is effective.

Underscoring the potential of MRS 
in the brain, investigators at Johns 
Hopkins Medicine in Baltimore have 
determined that MR spectroscopy 
can identify neurochemical changes 
that may serve as a “signature” of early 
Alzheimer’s Disease. MRS might help 
in diagnosing patients who are mov-
ing from mild cognitive impairment to 
more advanced Alzheimer’s, according 
to Dr. Pravat Mandal, an adjunct asso-
ciate professor in the Johns Hopkins 
Department of Radiology.

MOleCular IMaGING TOps all
Try as they may, no other modality can 
compare with PET/CT as far as quan-
titation is concerned. The hybridiza-
tion of the two modalities comprising 

The difference between dense and fatty breasts may be obvious in many cases, but software that quantifies the 
difference adds objectivity and reproducibility, when considering whether to send patients for additional testing, 
as with breast MR. Images courtesy of  Dr. Stamatia Destounis at Elizabeth Wende Breast Clinic

“...The main obstacles are not 
only not having the right tools 
to generate quantitative data 
but also not having the fiscal 

incentive to use them...”
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PET/CT generates spot-on localizations 
upon which standardized uptake values 
(SUV) for PET radiotracers can be accu-
rately and reproducibly acquired. 

SUVs are now widely used in clini-
cal oncology studies employing FDG-
PET, particularly when assessing patient 
response to cancer therapy. While quan-
titative PET/CT is not foolproof — and 
different vendors have different means 
for calculating SUVs — such metrics 
can substantially reduce the variability 
in images that may result from differ-
ences in patient size and the amount 
of injected FDG, according to Dr. 
James W. Fletcher, director of the PET 

Imaging Center at Indiana University  
in Indianapolis.

And oncology is not the only ben-
eficiary of quantitative PET/CT, just as 
SUVs are not the only means of quan-
titation for this modality. Research at 
the University Hospital Zurich in Swit-
zerland quantitatively measured coro-
nary flow reserve (CFR) as an indicator 
of arterial disease. Results were com-
pared to those obtained using angiog-
raphy. Lead investigator Dr. Michael 
Fiechter found that CFR quantitation 
“provides a substantial advantage for 
unmasking coronary artery disease, 
even in patients who would otherwise be 

considered healthy by normal myocardial  
perfusion imaging.”

Progress in the use of quantitative 
data will likely accelerate as the value 
of these measurements become increas-
ingly obvious in diagnosis, prognosis, 
and patient management. The main 
obstacles are not only not having the 
right tools to generate quantitative data 
but also not having the fiscal incentive 
to use them. 

As in the case of bone densitometry, 
one of the oldest forms of quantita-
tive imaging, the means for determin-
ing the density of bones was available 
long before its widespread use. The rea-
son for the delay has been the lack of  
adequate compensation. 

Quantitative imaging will be widely 
used when its use is widely compen-
sated. Such compensation will only 
come, however, when the value of quan-
titation is recognized, thus putting  a 
slightly different twist on Sullivan’s 
assertion that quantitative image is the 
victim of a catch-22. 

The simplicity of quantitation may 
be what paves the way for its adoption 
in the years ahead, at least in the U.S. As 
a new paradigm of healthcare emerges, 
cost control with minimal compromise 
in the quality of care is paramount. 

Quantitation offers the prospect of 
rendering definitive interpretations effi-
ciently and cost effectively by reducing or 
eliminating the number of follow-on tests.

Simplicity is at the core of quantita-
tion’s appeal, much as simplicity serves 
as the cornerstone for Occam’s Razor. 
It stands to reason that, just as scientific 
theory should not be multiplied unnec-
essarily to come to a conclusion, neither 
should medical testing.

Brain MR illustrates a suspicious lesion (see image white area , mid-right). MR Spectroscopy, performed on the brain area indicated by the white pixels generates a spectrum 
of metabolites (see line chart) whose peaks can be translated into quantitative measurements (see table).  Images courtesy of Toshiba America Medical Systems.

The Chemistry of Contrast Agents in Medical Magnetic 
Resonance Imaging, 2nd Edition
by Andre S. Merbach, Lothar Helm, Éva Tóth  
Pub by Wiley April 2013 512 pages €164

Book review

Contrast agents are currently used in about a third of 
the 50 million clinical MRI examinations performed 
every year. Written for all involved in the development 
and application of contrast agents in MRI, this book 
covers the basic chemistries, MR physics and the most 
important techniques used by chemists in the character-
ization of MRI agents from every angle from synthesis 
to safety considerations.The book includes new chap-
ters on targeted, responsive, PARACEST and nanopar-
ticle MRI contrast agents. Presented in colour, the book  

provides readers with true representation and easy interpretation of the images. 
Twelve years after the first edition was published, the authors remain convinced 
that the chemistry of MRI agents has a bright future. By assembling all important 
information on the design principles and functioning of magnetic resonance 
imaging probes, this book intends to be a useful tool for both experts and new-
comers in the field. 


