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MISSION STATEMENT

The International Society for Strategic Studies in Radiology is
a non-political, not-for-profit organization whose purpose is to
define and investigate strategic, scientific and economic is-
sues of global importance to the field of radiology. The
Society aims to foresee national and global developments in
radiology and allied fields, and to strategically communicate
important issues to radiologists, physicians in other medical
fields, industry and governments. By forming a strategic part-
nership with industry in order to define important and relevant

fields of cooperation and common engagement for the best
possible cooperation and successful future of both partners,
IS3R hopes to envision strategies for actively influencing re-
search, clinical practice and teaching now and in the future,
and to prepare radiologists, their partners, and their clients
for future developments. The Society aims to influence the
flow of capital and investment into the most scientific and
strategic fields, and to influence health care politics for the
benefit of radiology, its patients and customers.
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Escalating costs and inadequate quality and safety are
over-riding concerns of healthcare at this time. This is espe-
cially true in the United States, where more money is spent
on healthcare than elsewhere and the health industry
claims the largest section of the economy, greater than real
estate. The increasing cost of healthcare worldwide can be
attributed in part to the aging of populations but it is also
due to the successful treatment of acute illnesses and the
resultant shift towards the costs of caring for the chronically
ill, which now accounts for 75% of the costs. But with
healthcare costs at 14% of the GDP in the United States at
present and projected increases to 18% by the end of the
decade, there is considerable pressure from employers, in-
surance companies, and government to limit health care
spending to a sustainable amount and to make the system
more accountable. For example, the per person cost of
healthcare in the United States is greater than the cost of
steel in a car.1 Yet, while steel quality is related to cost, the
relationship between cost and quality in healthcare is hard
to determine.

Overall, diagnostic radiology utilization rates increases
have been modest in the United States, with a 3.1% com-
pound annual increase for Medicare enrollees in the period
1992-2001 (1). However, utilization of high-cost radiology
services increased dramatically in the past decade (Figure
1), as has been demonstrated for Medicare enrollees (1-6),
privately insured groups (1, 3, 5), and  within individual in-
stitutions (7, 8). Data for Medicare enrollees, which is more
complete than that for other populations, show a trend of
double-digit annual rate increases in utilization of CT,
MR, and nuclear imaging in the years 1992-2001 (1). Data

from the Medical Expenditure Panel Survey (MEPS), a na-
tionally representative survey conducted by the Federal
Government, indicated that the rate of MR imaging in-
creased at an annual compound rate of 14.5% overall in the
years 1996-1999, while the increase in those over 65 yrs
was 19% (1). Similar patterns are seen in Europe and Asia.
In one Munich hospital, CT examinations have doubled in
the past 5 years, while MRA has increased from 600 to
more than 3500 examinations per year and cardiac MRI
from 25 to 190 per year.2

In 1990, the US costs of radiology accounted for about
3.5% of national spending on healthcare (9). Therefore,
even allowing for a relatively high growth rate, radiology
accounts for only a small proportion of the total costs of
health care. Nevertheless, it is incumbent on radiology to
minimize overuse and misuse of imaging procedures, while
ensuring that patients who will benefit from radiological
procedures do so.

The second major concern revolves around quality and
safety. The rate of adverse events in medical care in the
United States is 3-4% (10, 11), which, according to projec-
tions by the Institute of Medicine may result in as many as
44,000 - 98,000 deaths per year due to provider error and
$28 billion in unnecessary expense (12). Again, converging
forces from outside the healthcare provider network, includ-
ing both the insurers and the public, are demanding change,
e.g. http://www.leapfroggroup.org/home. In radiology prac-
tice, quality includes obtaining the best possible images
through appropriate selection of modality and protocol,
quality assurance programs that ensure optimal perform-

INTRODUCTION

1 Thompson, TG. IS3R Symposium, August, 2005
2 Reiser, M. IS3R Symposium, August, 2005
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ance of scanners, efficient work flow, timely completion of
examinations and procedures, accurate diagnoses and
prompt communication of reports to the referring physician.
Safety issues include avoidance of injury due to the effects
of magnetic fields on metallic implants, contrast agent reac-
tions, or radiation exposure, and ensuring that there is ade-
quate monitoring of patients for adverse events related to
their medical conditions while in the care of radiology de-
partments. Efforts to improve quality and safety require
identification and mitigation of points of failure in work-flow
processes and the practice of evidence-based medicine
as far as possible. Information technology will be a major
player in this process.

From the beginning, radiology has been a distinct medical
specialty with unique technical challenges. The origins of
specialization can be traced back to the technical nature of
x-ray image capture and, perhaps more significantly, the dif-
ficulty of exposing, transporting, and developing images on
fragile glass plates for subsequent interpretation. Despite
pressure in the early 1900's to relegate radiology to a tech-
nical service, radiographic image interpretation and report-
ing required medically trained specialists. Therefore,
radiologists have been clinical specialists who have been
obliged to also become experts in image capture technolo-
gy, broad based advances in engineering and, more recent-
ly, applications of information technology for health care,
which continue to drive and be driven by radiology.

Computerization became an integral part of radiology with
the advent of computerized tomography in the 1970's al-
though the images were still printed on film for interpreta-

tion. By the end of the second millennium, computerized
workstations were commonplace, picture archiving and
communications systems (PACS) and radiology information
systems (RIS) widespread, the internet was almost essen-
tial for transfer of images and other information, and com-
puter aided diagnosis (CADx) was being developed as a
useful tool. Molecular imaging, in which an agent that com-
bines a moiety detectable by imaging with a moiety that
binds to a molecular target in vivo, now brings radiology into
the era of molecular medicine. All these factors suggest that
radiology is well situated to be a driver in the transformation
of medicine into the age of information technology and mo-
lecular medicine.
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As technology has improved, image acquisition has be-
come faster and pixels have become smaller. This is espe-
cially true for CT (Table 1), as the number of detectors in the
gantry has increased from one to four, sixteen, and now
sixty-four while rotation speed has increased from 1 to .33
seconds/rotation. Image post-processing to yield 3D im-
ages or maximum intensity projections makes visualization
clearer and provides more information than axial projec-
tions alone. Such advances provide new applications for ra-
diology in, for example, cardiac imaging by making it
possible to see not only the lumen through which blood
flows but also atherosclerotic plaque that lines the blood
vessel walls. Cine images can show real time motion of, 
for example, heart valve functionality. Computer recon-
structed images can simulate colonoscopy. Non-invasive
imaging techniques, such as CT pulmonary angiography,
are much easier and safer than catheter-based techniques.
PACS technology and electronic communication shortens
the wait for radiology reports from days to hours or even
less (13, 14). As a result, the threshold for ordering a study
is lowered.

With so many technological advances, it is not surprising
that radiology utilization of high-cost studies such as CT and
MRI is expanding rapidly worldwide. Overall, CT use in-
creased in the United States from 9.2% to 15.3% of radiolog-
ical examinations while plain film radiography dropped from
70% to 57.1% (Figure 1), (15). This has resulted in larger
and more complex workloads but not proportionally higher
costs to the consumer. In fact, radiology cost/service de-
creased 19% in inflation corrected dollars from 1992 to 1999
(16). The workload and complexity of radiology services has
also increased in Europe. However, there are considerable
differences in the utilization rates of high cost imaging not
only among European countries but also between states in
the United States – differences that do not necessarily reflect
the quality of healthcare. In 2002, the rate of CT examina-
tions varied from below 20 to about 120 per thousand popu-

lation in European countries (17). In comparison, the CT uti-
lization rate in the United States was reported to be 113 per
thousand enrollees in one Health Maintenance Organization
(HMO) in 1998 and 391 per thousand of those enrolled in
Medicare in 1999 (1).

The number of radiologists in the Unites States has not in-
creased at the same rate as the number of examinations.
While the workforce has increased at a rate of 1 - 1.5% over
the past decade, the average workload increased over the
same time period from 11,100 to 13,900 procedures per
year or 6,000 to 9,100 relative value units (RVU)/year (Table
2). This translates to a workload increase of 25.1% in terms
of procedures per FTE and 52.2% RVUs/FTE from 1992 to
2002 (15). Despite this increase in workload, the shortage
of radiologists does not appear to have worsened as judged
by the number of job advertisements,3 although shortages
of manpower are found in certain specialties, such as mam-
mography, vascular/interventional radiology, and pediatric
radiology.4 In Asia, the radiology workforce has increased
significantly over the past few years but the number of radi-
ologists is grossly inadequate in many countries (Figure 2),
especially in rural districts because most radiologists work
in the big cities.5 Among European countries, there are con-
siderable disparities in the radiology workforce (Figure 2)
and teleradiology is in use to compensate for lack of local
radiologists.6

There is also worldwide concern about the number of radi-
ologists in training, which is grossly inadequate in several of
the poorer Asian countries.7 In Europe, several countries
are not training enough radiologists to replace retirements.
However, some countries that have a particularly low num-
ber of radiologists, such as Eire and the United Kingdom,
are now training a relatively high number.8 In the United
States, the numbers of radiologists in training has in-
creased back to the levels of the early 1990's but may not
be sufficient to meet future demand.9

ADVANCES IN TECHNOLOGY DRIVE 
INCREASED UTILIZATION
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The CT Scan Journey Thru Time

From Elliot Fishman; IS3R Symposium, August, 2005

TABLE 1   

Advances in CT Technology, 1980-2004

year

1980

1985

1990

1995

1999

2003

2004

Scan speed

10 sec

5 sec

1 sec

.75 sec

.5 sec

.4 sec

.33 sec

Slice thickness

10 mm

8-10 mm

3-5 mm

3 mm

1-3 mm

.5-.75 mm

.5-.6 mm

Interscan speed

10 mm

8-10 mm

3-5 mm

2-3 mm

1-3 mm

.5-.75 mm

.5-.75 mm

Total # of slices

25-30

30-45

100

100

220

400-1200

600-4000

Trends in Radiology Utilization, 1992-2001 

Data from Bhargavan and Sunshine, 2005 (1)
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Summary of Growth Rates in Radiologist Workload in the USA 1992-2003

Parameter Percentage Growth

2002-2003 1998-1999  1995-1996 1991-1992

Mean number of procedures per FTE* 13.9 12.8 11.8 11.1

Compound average annual growth since previous survey 1.6 3.0 1.9

Compound average annual growth, 1992-2003 2.1%

Total growth, 1992-2003 25.1%

Median number of procedures per FTE* 13.4 12.7 11.4 11.0

Compound average annual growth since previous survey 1.0 3.7 1.2

Compound average annual growth, 1992-2003 1.8%

Total growth, 1992-2003 21.5%

Physician work RVUs per procedure 0.65 0.62 0.57 0.54

Compound average annual growth since previous survey 1.2 2.7 1.9

Compound average annual growth, 1992-2003 2.0%

Total growth, 1992-2003 21.6%

Estimated mean RVUs per FTE* 9.1 7.9 6.7 6.0

Compound average annual growth since previous survey 2.8 5.8 3.8

Compound average annual growth, 1992-2003 3.9%

Total growth, 1992-2003 52.2%

Estimated median RVUs per FTE* 8.7 7.8 6.5 5.9

Compound average annual growth since previous survey 2.3 6.5 3.1

Compound average annual growth, 1992-2003 3.6%

Total growth, 1992-2003 47.9%

* In thousands. Abbreviations: FTE, full time equivalent employee; RVU, relative value unit.

TABLE 2

From Bhargavan and Sunshine, 2005 (15)
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FIGURE 2

International Differences in Radiology Staffing 

Data from McCall (17) and Tan, IS3R Symposium, 2005

150

120

90

60

30

B
an

gl
ad

es
h

In
di

a

P
hi

lip
pi

ne
s

S
in

ga
po

re

C
hi

na

K
or

ea

N
ew

 Z
ea

la
nd

A
us

tr
al

ia

B
el

gi
um

D
en

m
ar

k

Fr
an

ce

G
er

m
an

y

H
ol

la
nd

P
ol

an
d

S
w

itz
er

la
nd U
K

U
S

A

Asia

Europe

USA



IS3R - RE-INVENTING RADIOLOGY IN A DIGITAL AND MOLECULAR AGE

www.is3r.org10

10 Hricak, H. IS3R Symposium, August, 2005
11 McCall, IW. IS3R Symposium, August, 2005

12 Reiser, M. IS3R Symposium, August, 2005
13 Tan, LKA, IS3R Symposium, August, 2005

That radiologists have been able to manage the increased
workload can be attributed to improvements in workflow
and productivity, due largely to digital technology. Digital im-
aging, computer workstations, speech recognition technolo-
gy, picture archiving and communications systems (PACS),
and the ease of communication via the Internet have all fa-
cilitated workflow. For example, PACS installations improve
efficiency in a number of ways. Films no longer have to
be carried to a reading room and hung. Previous patient
images can be easily found and seen at the same comput-
er workstation as the current images (13, 14). PACS also
improves patient care though faster reading of images with
fewer remaining unread and through the creation of priori-
tized work lists, which result in rapid interpretation of urgent
cases. Faster diagnoses lead to prompt treatment and pa-
tient satisfaction. In addition, PACS has been shown to im-
prove diagnostic accuracy (18). However, much must be
done before the benefits of these systems can be fully real-
ized. Only one-third of radiology practices in the USA have
installed a PACS system, although another third have plans
to purchase.10

Teleradiology increases productivity indirectly by reducing
or eliminating the need for on-site radiologists in small hos-
pitals and private practices during nights and weekends.
The largest use of teleradiology is from base to home in
both Europe11 and the United States (19). A 1999 survey in
the United States showed that 71% of multi-radiologist
practices had teleradiology systems in place, using them to
interpret 5% of their studies, while 32% percent of solo
radiologist practices had systems in place, using them to in-
terpret 14% of their studies (19). In both situations, teleradi-
ology was in use primarily for on-call interpretation,
although one fifth of the studies were for consultation or pri-
mary reading at a larger regional hospital with 24-hour radi-
ology coverage, across borders, or across time zones. In
some countries, teleradiology is used to compensate for a

manpower shortage. For example, teleradiology is used to
read some images generated in the United Kingdom by ra-
diologists in Spain.12 In much of Asia, most radiologists work
in the cities and teleradiology allows them to provide servic-
es for patients in rural areas.13

Although turn around time for teleradiology can be rapid and
was reported in one study to average 12.2 minutes with
99% of reports received within 1 hr (20) there are concerns
about quality, both within countries and especially across
international borders. An American College of Radiology
(ACR) Task Force on Teleradiology has recommended that
physicians reading studies on US patients while outside the
Unites States should be licensed in the state(s) where the
studies originated, be credentialed and afforded privileges
by the healthcare institutions contracting them, and carry li-
ability insurance (21). Nevertheless, oversight of radiology
practices thousands of miles away is difficult and there are
fears that they will not follow rigorous quality assurance pro-
cedures or observe privacy rules. On the other hand, when
radiologists are reading images in daytime hours, they are
more likely to be fully awake and alert.

Computer-aided diagnosis (CADx), which uses software to
distinguish between normal and abnormal patterns and for
image enhancement, has been developed to draw the at-
tention of the radiologist to possible lesions for evaluation.
Radiologists regard computer-aided diagnosis (CADx) as a
time saver that is comparable to a second opinion rather
than a replacement for radiologists. Accumulating evidence
indicates that a radiologist with CADx is better than a radiol-
ogist or CADx alone. For example, detection of breast can-
cer from mammograms with CADx assistance has been
reported to be 16-20% higher than with a radiologist alone,
with more tumors detected at an earlier stage but no
change in the pre-test prediction rate for biopsy (22, 23).
The acceptance of CADx for mammography can be illustrat-

IMPACT OF DIGITAL IMAGING 
AND INFORMATION MANAGEMENT 
ON PRODUCTIVITY
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ed by the fact that following reimbursement approval in
2001, the number of ImageChecker CADx installations in-
creased from 200 to 1600 in 2005.14

CADx applications for diffuse lung disease classification
have been developed and shown to be correct 88-100% of
the time compared to a “gold standard” (24). Applications in
the detection of pulmonary nodules in chest X-rays and
chest CT are also promising. Currently, there is consider-
able work on the development of new selective enhance-
ment filters to better distinguish blood vessels from nodules
(25), for aneurysm detection (26), and for other abnormali-
ties. A major goal for CADx is to reduce false positives with-
out reducing sensitivity. A Massive Training Artificial Neural
Network (MTANN) has been developed for this purpose
(27), which is designed to detect differences  between be-
nign and malignant nodules (28, 29). In the future, CADx
applications are likely for all imaging modalities, anywhere
in the body. However, before CADx systems can be imple-
mented, there is a need to provide clear evidence of clinical
advantages and/or increased performance levels.

Speech recognition technology, first introduced in the
1990s, is steadily replacing audio recording and transcrip-
tion for reporting. Audio reporting and transcription is slow
and inefficient because, after transcription, radiologists
have to review and correct reports before they are ap-
proved and sent to the referring physician. With speech
recognition, dictated words are instantly seen on a comput-
er screen and immediately edited by the radiologists. The
efficiency of this process is a great improvement, which not
only saves money but also speeds the generation of radiol-
ogy reports from days to hours (30, 31).

Speech recognition technology requires additional radiolo-
gist time, especially during the learning process. However,
newer software can “understand” contextual speech, learn
words, and predict phrases based on previous speech, mak-
ing it much easier to use than early systems. There is still a
need to improve recognition rates (31). Currently, accuracy is
estimated to be about 95-96% but is predicted to become
better as technology improves. In comparison, a study of the
accuracy of dictation and transcription showed that one third
of reports had errors requiring editing and 6% had substan-
tive errors (32).

Speech recognition technology is now adopted in about
40% of academic radiology and 16% of all radiology prac-
tices in the United States.15 Implementation over a much
wider range of radiology practices would clearly be benefi-
cial to cost-effectiveness of healthcare. However, digital
speech recognition has met with resistance, at least in part
because the radiologist does not directly benefit from the
change to a new system even though cost and time savings
are beneficial to the practice or to a hoggspital entity.
Therefore, before speech recognition systems are installed,
considerable time and effort must be spent on overcoming
radiologists' concerns as well as on providing the necessary
infrastructure and training to use the new technology (33).

PACS provides management of stored images and facili-
tates post-processing of all types of images, as well as co-
registration of images from different modalities. 3D and
maximal intensity projections are much easier for the non-
radiologist to understand and measurements, such as
tumor volume, can be automated. PACS and RIS aid com-
munication both within and outside the hospital or radiology
practice by facilitating transfer of images and reports to all
physicians involved in the patient's care. This decreases the
need for personal consultation, which in one study was re-
duced by 82% for general radiography and 44% for cross-
sectional imaging when a PACS system was installed,
despite an increase in the volume of studies (34). However,
ensuring clear, accurate, and timely communication be-
tween radiologists and referring physicians is still a chal-
lenge that must be addressed.

PACS and RIS provide an opportunity to develop computer-
ized radiology order entry systems. Such systems can be
more convenient than ordering by phone and can readily be
coordinated with aids such as appointment reminders and
instructions for patients. In addition, computerized order
entry can minimize duplication of orders as well as aid re-
ferring physicians by giving them feedback on the appropri-
ateness of a study for a given situation. Those physicians
who persist in ordering apparently inappropriate imaging
examinations can be identified and asked to justify their use
of high-cost imaging.16

Finally, PACS and other digital applications can transform
education for both medical students and residents.
Computer images are far more versatile than printed im-
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ages; they can be magnified, scrolled, and, if 3D, rotated to
be viewed from different directions. Learning can be facili-
tated by online applications although this is only practical
with high-speed connections. Case presentations are facili-
tated by the ease of finding images in PACS. Medical stu-

dents learn about PACS as a fundamental part of their stud-
ies, knowledge that is becoming essential even for those
who will not become radiologists. However, only 17% of
medical schools in the United States require a clinical rota-
tion in radiology.17 This needs to change.

Despite the many changes in the practice of radiology, re-
port format has changed little and a transcript of a nine-
teenth century report could be mistaken for one of today: a
lengthy descriptive narrative covering indications for the
study, observations, analysis/diagnosis, and recommenda-
tions for further imaging (if any). Other relevant information
includes comparisons with previous findings, anatomic lo-
calization, and quality assurance indicators. Narrative re-
ports may be combined with graphical elements, such as
arrows on the images themselves. Although reports tend to
be lengthy, the number of important concepts that are in-
cluded is remarkably small, usually no more than 3-4 in a
single report.18 In the future, the number of concepts and
findings may expand with the inclusion of functional (e.g.
BOLD fMRI) and quantitative information, such as apparent
diffusion constant and perfusion data. When molecular
medicine becomes more widely adopted, reports may also
be correlated with genomic, pharmacokinetic, and pro-
teomic information.

The current narrative radiology report format is far from
ideal. Reports tend to be defensive and straightforward di-
agnoses are rare. The language used is more suited to
communicating with other radiologists than with referring
physicians (35). The inefficiency of verbal reporting was a
concern for some radiologists early on, and standardized
forms first appeared by 1913. However, the verbal report
remains the norm and BIRADS, which uses a numerical
scale to categorize levels of suspicion, is one of the few ex-
amples of a structured report that is in common use today.

To maximize the usefulness of reports in the digital age,
standard structural elements that use a common lexicon are
needed. If the language were more standardized and the for-
mat organized, automated extraction of text would be sim-
pler and speech recognition more accurate, which would
decrease time spent in correcting reports (31). Development
of a common lexicon would allow semantically organized
electronic storage and indexing of report elements, which
may be explicitly linked to the image itself. Reference termi-
nology databases have already been developed (UMLS,
SNOMED, RADLEX), although they still need improve-
ment.19 The addition of helpful information in texts or online
is another useful element that is easily included in an elec-
tronic report.

Multimedia, multidimensional, and multidirectional commu-
nication is an essential part of clinical radiology and is cru-
cial for the added value of radiology as a specialty. Failure in
communication leads to patient alienation (36) and reduced
quality of care. 70-80% of malpractice lawsuits involving ra-
diologists cite communication problems (37). PACS systems
minimize the numbers of unread images, and reports may be
transmitted and available online, but there is still a need to
ensure that reports reach ordering physicians, especially in
emergent or other non-routine clinical situations (38). Direct
communication with a referring physician in person or by
telephone is recommended by the ACR (38) but can be dif-
ficult and time-consuming. Difficulties are compounded
when medical care is not rendered by a single physician
and the referring physician is not clearly identified, or if the
referring physician is a surgeon who may take no responsi-
bility for medical problems unrelated to the planned surgery.

RADIOLOGY REPORTING AND 
COMMUNICATION
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Therefore, it would be helpful to have a fail-safe system of
communication that automatically acknowledges report re-
ceipt at the time that the referring physician opens the re-
port file.

Direct contact with patients may reduce uncertainty and
anxiety and, in the United States, is mandated for mam-
mography, self-referred patients, and when imaging has
been ordered by a third party, e.g. for the purposes of appli-
cations for life insurance or future employment (38). In

Europe, national, local and hospital policies vary but EAR
believes that radiologists should communicate findings to
patients if they seek information. However, the issue of di-
rect patient communication is under debate because of
concern that radiologists are trained to render interpreta-
tions of radiologic studies but not to give medical advice or
intervene in clinical management (37). However, others feel
that since there is less communication between radiologists
and referring physicians than in the past, it would be benefi-
cial to have more contact with patients.

REDESIGNING PATIENT CARE THROUGH
DATA-DRIVEN MANAGEMENT

PACS, RIS, and hospital information systems (HIS) contain a
wealth of information that can be extracted and utilized to
drive improvements in health care. However, communication
between the different information systems used in patient
care is poorly developed. Consequently, electronic health
records are not available to be transferred from one institu-
tion to another but, if available, could improve treatment, es-
pecially in an emergency. HIS and RIS use variations of a
standard protocol, Health Level-7 (HL7), an event driven text-
based system, to store patient data and to communicate with
billing systems. Imaging systems use a more readily queried
standard system, Digital Communications in Medicine
(DICOM), to store and retrieve both text and images. Although
some custom software is available to translate information
from HL7 to DICOM, customization of HL7 systems has made
it a challenge to develop widely applicable software.20

Special software, such as LEXIMER, has been developed
that can analyze and classify unstructured radiology reports
based on the presence of key words for clinically important
findings, descriptors of severity, and recommendations (39).
Data mining of this sort can generate huge amounts of in-
formation for the purposes of quality and safety management 
in radiology practices as well as the generation of 
teaching files, retrieval of previous images of unusual med-
ical conditions to aid in diagnosis, and for the development
of evidence-based medicine.

The potential value of standardized health care information
exchange and interoperability between providers and oth-
ers in the health care industry is enormous. Savings would
accrue through avoidance of test duplication, drug interac-
tions and other adverse drug effects, and simplification of
record chart handling. The net value of savings from avoid-
ance of duplication of radiology examinations alone is esti-
mated to be $8 billion per year in the United States (40).
Achieving these savings will require investments in inter-
faces to translate heterogeneous electronic vocabularies
and to develop seamless integration with both local and re-
mote medical records. This level of interoperability cannot
be achieved without strong national leadership, investment,
and policy incentives to develop national, or better, interna-
tional standards. Without such leadership, non-standard-
ized solutions are more likely to be developed, which will
lock in local solutions, save less money, and ultimately cost
more to convert to a fully integrated system.

Information technology can not only speed workflow and re-
duce paperwork, it can also be used as a source of data to
examine workflow processes and outcomes. Analysis of
data extracted from PACS and RIS systems can show
where errors are generated and delays are caused as well
as minimize overuse, under use, and misuse of radiological
procedures. At Massachusetts General Hospital, data min-
ing is already in use to optimize radiology workflow by al-
lowing radiologists to select cases for severity or prior
recommendations, to summarize previous findings, and dis-
play missed recommendations.
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A quality radiology practice will consistently perform the
right procedure at the right time for the right patient, deliver
radiology reports that are timely and accurate, and provide
the patient with optimal personal care. However, this ideal is
not reality and, as mentioned above, the number of adverse
events occurring due to medical mistakes is unacceptably
high (12). Even 99.99% reliability in a large practice will re-
sult in a significant number of adverse events. Of course, no
one in medical care wants to make mistakes and everyone
involved experiences anguish if an adverse event occurs.
That mistakes occur can be attributed to many factors, in-
cluding the complexity of medicine and systems that de-
pend on memorization, as well as failures in communication
and inadequate information systems.

The present model of medical training, credentialing, and
continuing medical education fails to overcome self interest
and does not ensure effective practice and life-long learn-
ing. Patients have no incentive to seek value. There is little
available information on the comparative cost and quality of
medical care and cost matters little to the patient, provided
that it is covered by a third party and the co-payment is the
same. Therefore, there is a need to establish a model of ac-
countability, measured against criteria of quality medical
care, with reporting to insurers and the public. Targets of ef-
ficiency, safety, and quality must be set and, as an incen-
tive, rewards given to those who best achieve those targets.
A number of techniques have been developed in industry to
improve performance and these can be applied to medical
care in order to address the current problems and to
achieve the highest possible standards of quality and safety
in medical care (41, 42).

Optimization strategies must be embedded in the manage-
ment with dedicated leadership and sufficient resources;
they must use accreditation as a motivator of success, and
ensure that efforts to maintain quality are sustained.
Factors to consider include the availability of the best possi-
ble equipment, quality and assurance systems for imaging
equipment, room design, patient communication, informed
consent, patient transportation, patient surveillance, all as-
pects of timeliness, protocols, professional communication,
after-hour service, and emergency and disaster prepared-
ness. In addition, quality of care depends on not only the
performance of practitioners in the clinic, but also the contri-

butions of workers in other areas of healthcare and the pa-
tients themselves (43). Information technology can be used
to search for key performance indicators and to measure
and benchmark performance and outcome.

Optimization of quality and safety requires a proactive sys-
tematic study of workflow, identification of weaknesses that
could lead to sub-optimal performance, and risk assess-
ment. In addition, a system that systematically reports med-
ical errors, near misses, complications, and discrepancies,
combined with meetings to identify causes of error may
lead to the development of strategies to prevent future error.
For this strategy to be successful, the error reporting
process should be non-threatening and confidential.
Radiology has been a pioneer in implementing such sys-
tems (44, 45).

Timeliness is a major factor in quality of care. Prompt diag-
nosis reduces patient anxiety, allows immediate treatment,
and shortens the patient’s stay in hospital. Although simpli-
fication may be complex and difficult to achieve at first,
processes that are simple to learn and use save time and
ultimately result in improved quality and safety.
Manufacturers recognize the need to adapt to their users
though examination of customer process metrics and con-
tinuous monitoring of instrument performance. As a result,
corrective action can be used to improve processes for
image acquisition, prevent failures, simplify maintenance,
and minimize down-time. Intelligent international network
infrastructures allow manufacturers to guarantee short re-
pair times.

Utilization guidelines and diagnostic quality are difficult to
implement because there are no absolute criteria.
Utilization weaknesses include under use, over-use, and in-
appropriate use of radiologic services, all of which must be
considered to prevent unnecessary escalation in healthcare
costs. Nevertheless, missed diagnoses are perhaps the
most significant error in the practice of radiology. Guidelines
for risk management note the importance of image quality,
which is dependent on factors such as equipment mainte-
nance and selection of imaging parameters, comparison
with previous examinations, missing clinical information,
poor working conditions, fatigue, repeated interruption, and
inadequate training (46).

QUALITY AND SAFETY ISSUES
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Peer review combined with RIS analysis for the number of
changed reports has been used to assess the quality of di-
agnoses. Data mining using software such as LEXIMER
(39) can provide information about variations in the number
of examinations ordered, findings, and recommendations.
Comparison of the number of examinations ordered by indi-
vidual referring physicians could be used for the purposes
of utilization management or comparison of the number of
findings among radiologists reports could be used as a
means of quality assurance. When significant discrepancies
occur without a reasonable explanation, standards of prac-
tice of individual physicians may be addressed. In addition,
information on diagnostic yield of examinations could pro-
vide data for evidence based medicine and decision sup-
port for referring physicians.

Once weaknesses have been identified, diverse options to
overcome or avoid them and to eliminate or reduce risk
must be considered. Workflow systems need to be devised
to avoid pitfalls as far as possible. They must be put in
place, as a pilot if necessary, and monitored for effective-
ness and to prevent “work-arounds” that void the system.
After validation, the systems must be implemented through-
out the organization. All this requires hard work to over-
come political challenges and resistance to change.

EVIDENCE-BASED MEDICINE

Practice guidelines on imaging applications vary among dif-
ferent radiological societies and are, at present, developed
mainly by consensus building through the convening of
panels of experts. The process can be more political than
scientific. Difficulties in gathering evidence on the best im-
aging method for a given condition are compounded by
variations in instrumentation, detectors, imaging protocols,
spatial resolution, post-processing, and image display. At
present, imaging protocols are passed from one radiologist
to another like recipes from a neighbor and are freely
adapted and changed. In order to improve diagnostic accu-
racy and confidence, image acquisition protocols that
achieve consistent image quality and reproducible diag-
noses must be designed and validated through research. In
addition, research to establish guidelines for effective use of
imaging is needed in order to address under use, misuse
and overuse.

Even when evidence on the best use of radiological exami-
nations and procedures is available, medical practitioners
do not always act on that information. At best, it takes sev-
eral years for published guidelines to be adopted into rou-
tine medical practice (47). Since radiology utilization is
dependent largely on the physicians who refer patients to
radiology, mechanisms are needed to guide physicians in
their selection of the most appropriate imaging examination
in order to avoid misuse and over-use. Since self-referral for

imaging examinations has been growing much faster than
other uses of radiology (48, 49), it is especially important to
find ways to implement evidence-based medicine in these
practices.

Computer based decision support at the time of order entry
has been found to improve performance in the context of
delivering preventative reminders and drug doses (47).
Computerized order entry systems with embedded decision
support have recently been introduced for radiology and
there is preliminary evidence that it does impact clinical or-
dering patterns (50, 51). In order to be effective, computer-
ized order entry should be well designed and simple to use,
making it easy for the clinician to do the right thing.
Therefore, clinical decision support is best given rapidly and
succinctly, on a single screen, before order entry is com-
pleted. The system should anticipate needs of individual pa-
tients by, for example, indicating that MRI is contraindicated
for patients with electronic implants.

It is important to recognize that physicians strongly resist
suggestions not to carry out an action when no alternative
is offered and they will override guidelines. However, since
computerized order entry requires physicians to log on, it is
possible to identify physicians who do not appear to be fol-
lowing guidelines and to deal with them individually. Since
radiologists are more likely to respond to alternative sug-



The ultimate goal of molecular medicine is to treat disease
at the right time, with the right therapy at the lowest possi-
ble cost. To achieve this goal, we may envisage the use of
genetic screening to identify those at risk for disease and
then to detect incipient disease by screening selected
high-risk groups for specific diseases. With early detection
of disease, it would become theoretically possible to inter-
vene before symptoms appear and to prevent loss of nor-
mal function. This strategy would be cost effective by
lowering costs of disability and costs of treating advanced
disease.

Although this goal sounds lofty and the concept of molecu-
lar medicine futuristic, it is already being applied. Genes
that predict and predispose individuals to future disease
have been identified and can alter patient care. For exam-
ple, several genes have been identified that increase the
likelihood of developing breast cancer and physicians are
recommending MRI as well as mammography and clinical
examination to detect cancer earlier in these women (52).
Genes that are over expressed in cancers have been dis-
covered and drugs that target the relevant gene product de-
veloped, such as trastuzumab (Herceptin) for breast cancer
(53) and bevacizumab (Avastin) for rectal and colon cancer
(54). Other genetic signatures have been identified that
help predict response to a given therapy and will aid in the
selection of therapy. In lung cancer, for example, a Phase III
clinical trial demonstrated that only 8% of the patients in the
trial responded to a novel drug, gefitinib (Iressa). Although
the response rate was very low, it was very dramatic in the
small subset of responding patients. The factor that resulted
in a positive response was discovered to be a mutation in

the kinase domain of the endothelial growth factor receptor, 
EGFR (55). Within three months of publication of that dis-
covery, a genetic test was developed which can be used to
screen patients for treatment with gefitinib (56). Though the
test has not yet been validated or made commercially avail-
able, 24% of the first 100 patients tested within Partners
Healthcare were found to have the mutation. Most of these
patients elected to receive gefitinib, while only a small pro-
portion of those who tested negative elected to do so.21

The current model for discovering the presence of a genet-
ic variant or to detect over-expression is to biopsy tissue
and perform laboratory analyses of tissue. In the future, mo-
lecular imaging methods that target gene products will be
used to detect, localize, and quantify gene activity. Thus
non-invasive methods will be available to monitor changes
in gene activity in order to predict and monitor therapeutic
effectiveness. These methods are already in use for labora-
tory research on disease mechanisms and pre-clinical drug
development. More applications of this sort need to be de-
veloped through basic research in order to decrease both
the time and the cost of drug development, which at present
are major limiting factors (57). In addition, approval for mo-
lecular imaging agents needs to be facilitated by recogniz-
ing that they are different from drugs that are used for
extended periods; a new set of approval criteria needs to be
developed (58).

The NIH has recognized the importance of molecular imag-
ing by founding an Imaging Probe Development Center
(IPDC) to encourage the development of molecular li-
braries.22 The libraries will be made up of agents that target
specific proteins and can be incorporated into molecular im-
aging agents to gather data rapidly and non-invasively to
better understand molecular interactions in biology and
mechanisms of disease. The IPDC is coordinating its efforts
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gestions than a simple indication that a given imaging ex-
amination is not likely to yield a diagnosis, decision support
can offer an alternate examination for the given clinical
symptoms, when possible. Successful implementation re-
quires monitoring to measure utilization of high cost proce-

dures and to determine the impact of decision support.
Feedback should be sought and responded to with improve-
ments when necessary. Finally, decision support can never
be static and must be updated to reflect new knowledge of
evidence based medicine (47).

MOLECULAR MEDICINE
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with molecular library screening centers to help overcome
some of the roadblocks in the development of molecular
agents, such as probe sensitivity and specificity, toxicity
studies, and advancements in imaging technologies.

Once developed, knowledge of molecular imaging agents
and other contrast agents can be promulgated via the web,
through sites such as the NIH Molecular Imaging and
Contrast Agent Database (MICAD). In support of these ac-
tivities, the NIH has committed funds to develop biomedical
computing centers to integrate data, to analyze, model, and
simulate systems, and to share data on human health and
disease. Multi-disciplinary and interdisciplinary teams will
be needed to achieve these goals. With these advances, ra-
diology, which has a long history of multidisciplinary part-
nership, will be well suited to take a leading role and
imaging will become a basic tool for data acquisition that
has the potential to transform medicine.

Both molecular imaging agents and functional imaging
techniques show promise as surrogate end-points for clini-
cal trials, that is, early predictors of response to therapy.
Recognizing that a patient has responded to therapy is slow
or difficult for many diseases. For cancer, determining the
effectiveness of a new drug using the clinical endpoint of

extended survival requires clinical trials that take years and
need large numbers of patients. Even the time to determine
response through tumor shrinkage takes months. However,
early changes in the uptake of 18F-fluorodeoxyglucose,
measured with PET, has been shown to be a predictor of
survival for some cancers (59). Changes in hemodynamic
parameters, measured by dynamic contrast imaging can be
detected within hours or days after the initiation of antian-
giogenic or antivascular therapy and are predictors of tumor
shrinkage (60). Differences in hemodynamic parameters
demonstrated by imaging among patients with cervical can-
cer have been shown to correlate with survival (60). Other
biomarkers of cancer detectable with imaging include hy-
poxia, cell proliferation, and apoptosis.

Imaging biomarkers for another major killer, cardiovascular
disease, are also being developed. FDG-PET has been
shown to detect inflamed atherosclerotic plaque (61). Many
neurological diseases are difficult to detect early and meas-
ures of the rate of disease progression are slow and impre-
cise. BOLD fMRI and molecular imaging with PET may be
useful as surrogate markers for both drug development and
therapy in these conditions.

EDUCATION AND
RESEARCH TRAINING

For radiology to play a significant role in the development
and application of molecular medicine, radiologists must
have an understanding of cell biology, be involved in multi-
disciplinary research teams, collaborate with industry to
overcome regulatory hurdles, and organize clinical trials.
Clinical research needs to be rejuvenated though the cre-
ation of new academic centers dedicated to translational
research and positioned to deal with the complexity of
models and regulations while providing a sheltered envi-
ronment in which young physicians can become involved in
research. These centers will be integrated via the Internet
though the National Electronic Clinical Trials and Research 

(NECTAR) information system, which provides end-to-end 
clinical research data management tools and facilitates ef-
fective business practice, enhanced data sharing, and
rapid translation and diffusion of research results.

Although support for radiology research has nearly
quadrupled in the decade 1995-2005, research programs
are unevenly distributed in the United States. Of the 160
medical schools, half have no radiology research support,
while 50% of grant money went to only 7 departments.
There are very few clinical fellows in radiology compared to
other medical specialties, especially surgery, where many
departments require two years of research as part of their
residency training.23 Institutional leadership and radiology
department commitment are needed to increase research
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training, develop research themes, and support those in-
volved in the challenging and time consuming process of
translation of basic research into clinical practice.
Radiology departments should hire more researchers with
Ph.D.s in allied fields to develop multidisciplinary teams.
Failure to achieve these goals will result in ownership of
advances in imaging by other medical specialties and rele-
gate radiology departments to becoming trade schools.

Research support is available both in Europe through the
European Institute for Biomedical Imaging Research
(EIBIR) and in the United States through the National
Institute of Biomedical Imaging and Bioengineering
(NIBIB).
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