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Foreword

Medical imaging has revolutionized how we care for children and is the fastest growing area of
health care today. Every clinician, from generalist to sub-specialist, will order imaging tests on chil-
dren as he or she determines the course of action in caring for sick children. Given the high cost
of health care and the large number of uninsured children who lack access to care, we must opti-
mize how we use imaging to be more sophisticated and more prudent health care providers. Cur-
rent worldwide economic conditions will cause physicians everywhere to confront more limited
resources and weigh the costs and benefits of health care spending: “Medical technology (includ-
ing radiology) itself is not the problem. It is why, how and how often it is used and by whom
which creates the problem.”∗ This book is an important step forward toward optimizing the use
of imaging in children.

Most books and resources on imaging focus on how to interpret imaging and on the potential
benefits of the newest imaging technologies. Less attention has been given to determining when it
is appropriate to image, with what modality, and how to apply the results of imaging to clinical
care. This book fills that gap, by defining how imaging can most optimally be used to diagnose or
exclude the common conditions in children. Critically, the authors also provide a summary of the
supporting evidence and the limitations of today’s evidence-based literature.

Chapters 1 and 2 introduce the health care provider to the language, methods, and applications
of evidence-based medical care. These chapters describe the common research methods used to
study the role of imaging in medicine and reporting. From there, the chapters cover the most preva-
lent conditions and diseases affecting children in the developed nations, providing an evidence-
based summary of the role of imaging in infection, inflammation, congenital disorders, trauma,
neoplasm, in utero fetal assessment, and cardiovascular anomalies. Recognized leaders in radi-
ology who understand and use the evidence-based care approach have collaborated to make the
book both state of the art and readable for all physicians who care for children. Most of the indi-
vidual chapters have been written by pediatric radiologists in partnership with pediatricians and
other specialist physicians, providing both radiology and clinical perspectives.

Designed as a practical guide for use at the clinic or bedside rather than as a reference tome, the
book eloquently captures the nuances of medical practice today and empowers the reader to use
the current evidence behind medical imaging. It is a valuable book for all health care providers
who care for children, from pediatricians to emergency physicians to family practice clinicians and
radiologists.

∗Chisholm R. Guidelines for radiological investigations [editorial]. BMJ 1991; 303:797–780.
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viii Foreword

As can be gathered from the above statements, I have decided to include this book on my “must
haves” list and expect that readers will improve their skills as diagnosticians by incorporating the
approaches promoted by the authors.

Jay E. Berkelhamer, MD, FAAP
Past President, American Academy of Pediatrics



Foreword

I am honored to write this foreword on several counts. First, the idea of evidence-based imaging is
one in which I passionately believe. Our usual acceptance of anecdote and habit as a rationale for
clinical imaging decision making is fraught with hazard for both patients and our society. Second,
the editors and chapter authors have done an amazing job of putting forth an approach that is
philosophically sound—one in which I can believe. Third is the focus of the book. Because of our
somewhat belated concern over the long-term effects of increasingly prevalent diagnostic radia-
tion, children and adolescents have become a lightning rod for the potential hazards of marginal
and inappropriate imaging care. Finally, a book like this has even greater importance in the context
of our current times. As I write this foreword, the world is plunging deep into recession. People
are losing their jobs, and, with this, they are losing their health insurance. The new US President,
Barack Obama, ran on a platform of instituting universal health care in the United States. What
he has proposed is a very expensive plan. Where is the funding to come from? A major target,
according to the new administration, is to reduce the amount of care that does not contribute to
improving health. As we know, sometimes it can be difficult to distinguish beneficial from unnec-
essary or harmful imaging care. In this regard, this book provides us with a framework for more
cost-effective decision making and direction for determining the most appropriate imaging for
specific clinical presentations.

Such direction provides a “just in time” remedy for the ills that regulators and payers believe to
be rife in imaging. Relatively few radiologists seem consciously aware of why we are such targets
for payment reform, but perceptions that we are doing too little to reduce inappropriate imaging
are a major contributor. At the root of our problem is a lack of critical reading and thinking skills.
Because of how medical students and trainees are educated—with an emphasis on remembering
vast amounts of minutia—too few radiologists have learned to consider critically what they read or
hear in the lectures of our field’s eminences. Even in our most esteemed journals, literature reviews
tend to be exhaustive regurgitations of everything that has been written, without providing much
insight into which studies were performed more rigorously. Few take the time to consider what
information is unique to the institution generating the data and which is more generalizable to all
of our practices. The emphasis remains on reading shadows rather than on what might well be our
role in care coordination.

The aim of Evidence-Based Imaging in Pediatrics is nothing less than to begin to reverse these con-
ditions. The editors and chapter authors are well positioned to accomplish this end. They are the
anomalies in our field who have seen modern imaging practice and think we could do better. Read-
ing Evidence-Based Imaging in Pediatrics provides a window into how they think as they evaluate
the literature and arrive at their conclusions, which we can use as models for our own improve-
ment. Importantly, the editors have designed a uniform approach for each chapter and held the
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x Foreword

authors’ feet to the fire to adhere to it. As a result, we do not have to adapt to a different frame-
work as we move from gastrointestinal disease to musculoskeletal conditions to abnormalities of
the vascular system. The literature reviews that follow are selective and critical, rating the strength
of the literature to provide insight into the degree of confidence the reader might have in review-
ing the conclusions. At the end of each chapter, the authors present the imaging approaches best
supported by the evidence and what gaps exist that should give us pause for further consideration.

The outcome is a highly approachable text that suits the needs of both the busy practitioner
who wants a quick consultation on a patient with whom he or she is actively engaged and of the
radiologist who wishes a comprehensive, in-depth view of an important topic. Most importantly,
from my perspective, the book goes counter to the current trend of “dumbing down” radiology, a
trend so abhorrent in many modern textbooks. To the contrary, Evidence-Based Imaging in Pediatrics
is an intelligent effort that respects the reader’s potential to think for one’s self.

Bruce J. Hillman, MD
Theodore E. Keats Professor

Department of Radiology
The University of Virginia

Charlottesville, VA



Preface

“All is flux, nothing stays still.
Nothing endures but change.”

Heraclitus, 540–480 B.C.

Certainly, Heraclitus’ philosophy is apparent to those who care for children: we watch them grow
and change continually, and yet each child does so at different rates and in different ways. Med-
ical imaging has grown exponentially in the last three decades with the development of many
promising and often non-invasive diagnostic studies and therapeutic modalities. The correspond-
ing medical literature has also exploded in volume, leading to information overload for health
care providers. In addition, the literature varies in scientific rigor and clinical applicability, and
publications on the same topic may contradict each other. The purpose of this book is to employ
stringent evidence-based medical criteria in order to systematically review the evidence defining
the appropriate use of medical imaging in infants and children and to present to the reader a con-
cise summary of the best medical imaging choices for the care of infants and children.

The 41 chapters cover the most prevalent conditions and diseases that affect children in devel-
oped countries. Most of the chapters have been written by pediatric radiologists in close collabora-
tion with pediatric clinical physicians and surgeons in order to provide a balanced analysis of the
different medical topics and the role of imaging. We cannot answer all the questions we face in the
clinical care of children today—medical imaging is a delicate balance of science and art, often with-
out data for guidance—but we can empower the reader with the current evidence behind medical
imaging.

To make the book user friendly and to enable fast access to pertinent information, we have
organized all of the chapters in the same format. The chapters are framed around important and
provocative clinical questions relevant to the daily physician’s practice. A short listing of issues at
the beginning of each chapter helps three different tiers of users: (1) the busy physician search-
ing for a quick guidance, (2) the meticulous physician seeking deeper understanding, and (3)
the medical-imaging researcher requiring a comprehensive resource. Key points and summarized
answers to the important clinical issues are at the beginnings of the chapters, so the busy clinician
can understand the most important evidence-based imaging data in seconds. This fast bottom-line
information is also available in an electronic fully searchable format so that an expeditious search
can be done using a handheld device on the run or a computer at the medical office, hospital, or
at home. Each important question and summary is followed by a detailed discussion of the sup-
porting evidence so that the meticulous physician can have a clear understanding of the science
behind the evidence.
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xii Preface

In each chapter, the evidence discussed in the chapter is presented in Take Home Tables and
Figures, which provide an easy review in the form of summary tables and flow charts. The Imaging
Case Studies highlight the strengths and limitations of the different imaging studies with vivid
examples. Toward the ends of the chapters, the best imaging protocols are described to assure
that the imaging studies are well standardized and done with the highest available quality. The
final sections of the chapters are called Future Research; here, provocative questions are raised for
physicians and non-physicians interested in advancing medical imaging.

Not all research and not all evidences are created equal. Accordingly, throughout the book, we
use a four-level classification detailing the strength of the evidence and based on the Oxford Crite-
ria: Level I (strong evidence), Level II (moderate evidence), Level III (limited evidence), and Level
IV (insufficient evidence). The strength of the evidence is presented in parenthesis throughout the
chapters so the reader gets immediate feedback on the weight of the evidence behind each topic.

Finally, we had the privilege of working with a group of outstanding contributors from major
medical centers and universities in North America and Europe. We believe that the authors’ exper-
tise, breadth of knowledge, and thoroughness in writing different chapters provide a valuable
source of information and can guide decision making for physicians and patients. In addition to
guiding practice, the evidence summarized in the chapters may have policy-making and public
health implications. Finally, we hope that the book highlights key points and generates discussion,
promoting new ideas for future research.

L. Santiago Medina, MD, MPH
Kimberly E. Applegate, MD, MS
C. Craig Blackmore, MD, MPH
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Principles of Evidence-Based

Imaging
L. Santiago Medina, C. Craig Blackmore, and Kimberly E. Applegate

Medicine is a science of uncertainty and an art of probability.
Sir William Osler

IssuesI. What is evidence-based imaging?
II. The evidence-based imaging process

a. Formulating the clinical question
b. Identifying the medical literature
c. Assessing the literature

1. What are the types of clinical studies?
2. What is the diagnostic performance of a test: sensitivity, speci-

ficity, and receiver operating characteristic (ROC) curve?
3. What are cost-effectiveness and cost-utility studies?

d. Types of economic analyses in medicine
e. Summarizing the data
f. Applying the evidence

III. How to use this book

I. What Is Evidence-Based Imaging?

The standard medical education in Western
medicine has emphasized skills and knowl-
edge learned from experts, particularly those

L.S. Medina (�)
Co-Director Division of Neuroradiology and Brain Imaging, Director of the Health Outcomes, Policy,
and Economics (HOPE) Center, Department of Radiology, Miami Children’s Hospital, Miami, FL 33155, USA
e-mail: santiago.medina@mch.com

This chapter is based on a previous chapter titled “Principles of Evidence-Based Imaging” by LS Medina and
CC Blackmore that appeared in Evidence-Based Imaging: Optimizing Imaging in Patient Care edited by LS Medina
and CC Blackmore. New York: Springer Science+Business Media, 2006.

encountered in the course of postgraduate med-
ical education, and through national publica-
tions and meetings. This reliance on experts,
referred to by Dr. Paul Gerber of Dartmouth
Medical School as “eminence-based medicine”

3L.S. Medina et al. (eds.), Evidence-Based Imaging in Pediatrics,
DOI 10.1007/978-1-4419-0922-0_1, © Springer Science+Business Media, LLC 2010
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(1), is based on the construct that the individ-
ual practitioner, particularly a specialist devot-
ing extensive time to a given discipline, can
arrive at the best approach to a problem through
his or her experience. The practitioner builds
up an experience base over years and digests
information from national experts who have a
greater base of experience due to their focus in
a particular area. The evidence-based imaging
(EBI) paradigm, in contradistinction, is based
on the precept that a single practitioner can-
not through experience alone arrive at an unbi-
ased assessment of the best course of action.
Assessment of appropriate medical care should
instead be derived through evidence-based pro-
cess. The role of the practitioner, then, is not
simply to accept information from an expert,
but rather to assimilate and critically assess the
research evidence that exists in the literature to
guide a clinical decision (2–4).

Fundamental to the adoption of the prin-
ciples of EBI is the understanding that med-
ical care is not optimal. The life expectancy
at birth in the United States for males and
females in 2005 was 75 and 80 years, respec-
tively (Table 1.1). This is slightly lower than the
life expectancies in other industrialized nations
such as the United Kingdom and Australia
(Table 1.1). The United States spends at least
15.2% of the gross domestic product in order
to achieve this life expectancy. This is signifi-
cantly more than the United Kingdom and Aus-
tralia, which spend about half that (Table 1.1).
In addition, the U.S. per capita health expendi-
ture is $6096, which is twice the expenditures
in the United Kingdom or Australia. In con-
clusion, the United States spends significantly
more money and resources than other industri-
alized countries to achieve a similar outcome

in life expectancy. This implies that a signifi-
cant amount of resources is wasted in the U.S.
health care system. The United States in 2007
spent $2.3 trillion in health care. By 2016, the
U.S. health percent of the gross domestic prod-
uct is expected to grow to 20% or $4.2 tril-
lion (5). Recent estimates prepared by the Com-
monwealth Fund Commission (USA) on a High
Performance Health System indicate that $1.5
trillion could be saved over a 10-year period if
a combination of options, including evidence-
based medicine and universal health insurance,
was adopted (6).

Simultaneous with the increase in health
care costs has been an explosion in available
medical information. The National Library of
Medicine PubMed search engine now lists over
18 million citations. Practitioners cannot main-
tain familiarity with even a minute subset of
this literature without a method of filtering
out publications that lack appropriate method-
ological quality. Evidence-based imaging is a
promising method of identifying appropriate
information to guide practice and to improve
the efficiency and effectiveness of imaging.

Evidence-based imaging is defined as med-
ical decision making based on clinical inte-
gration of the best medical imaging research
evidence with the physician’s expertise and
with patient’s expectations (2–4). The best medi-
cal imaging research evidence often comes from
the basic sciences of medicine. In EBI, however,
the basic science knowledge has been translated
into patient-centered clinical research, which
determines the accuracy and role of diagnos-
tic and therapeutic imaging in patient care
(3). New evidence may make current diagnos-
tic tests obsolete and new ones more accu-
rate, less invasive, safer, and less costly (3).

Table 1.1. Life expectancy and health care spending in three developed countries
Life expectancy at birth (2005)
Male Female

Percentage of GDP in
health care (2003) (%)

Per capita health
expenditure (2007)

United States 753 803 15.2 $6,096
United Kingdom 774 814 7.8 $2,560
Australia 795 845 9.2 $3,123

GDP, gross domestic product.
Sources: Organization for Economic Cooperation and Development Health Data File 2002, www.oecd.org/els/health;
United Kingdom Office of National Statistics; Australian Bureau of Statistics; Per capita expenditures: Human Devel-
opment Report, 2007, United Nations, hdr.undp.org; Life expectancy: Kaiser Family Foundation web site with stated
source: WHO, World Health Statistics 2007, available at: http://www.who.int/whosis/en/.
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The physician’s expertise entails the ability
to use the referring physician’s clinical skills
and past experience to rapidly identify high-
risk individuals who will benefit from the
diagnostic information of an imaging test (4).
Patient’s expectations are important because
each individual has values and preferences that
should be integrated into the clinical decision
making in order to serve our patients’ best
interests (3). When these three components of
medicine come together, clinicians and imagers
form a diagnostic team, which will opti-
mize clinical outcomes and quality of life for
our patients.

II. The Evidence-Based Imaging
Process

The evidence-based imaging process involves
a series of steps: (A) formulation of the clin-
ical question, (B) identification of the medi-
cal literature, (C) assessment of the literature,
(D) summary of the evidence, and (E) appli-
cation of the evidence to derive an appro-
priate clinical action. This book is designed
to bring the EBI process to the clinician and
imager in a user-friendly way. This introduc-
tory chapter details each of the steps in the EBI
process. Chapter 2 discusses how to critically
assess the literature. The rest of the book makes
available to practitioners the EBI approach to
numerous key medical imaging issues. Each
chapter addresses common pediatric disorders
ranging from congenital anomalies to asthma
to appendicitis. Relevant clinical questions are
delineated, and then each chapter discusses the
results of the critical analysis of the identified
literature. The results of this analysis are pre-
sented with meta-analyses where appropriate.
Finally, we provide simple recommendations
for the various clinical questions, including the
strength of the evidence that supports these
recommendations.

A. Formulating the Clinical Question

The first step in the EBI process is formula-
tion of the clinical question. The entire process
of evidence-based imaging arises from a ques-
tion that is asked in the context of clinical prac-

tice. However, often formulating a question for
the EBI approach can be more challenging than
one would believe intuitively. To be approach-
able by the EBI format, a question must be spe-
cific to a clinical situation, a patient group, and
an outcome or action. For example, it would
not be appropriate to simply ask which imag-
ing technique is better—computed tomogra-
phy (CT) or radiography. The question must be
refined to include the particular patient popu-
lation and the action that the imaging will be
used to direct. One can refine the question to
include a particular population (which imag-
ing technique is better in pediatric victims of
high-energy blunt trauma) and to guide a par-
ticular action or decision (to exclude the pres-
ence of unstable cervical spine fracture). The
full EBI question then becomes, In pediatric vic-
tims of high-energy blunt trauma, which imag-
ing modality is preferred, CT or radiography,
to exclude the presence of unstable cervical
spine fracture? This book addresses questions
that commonly arise when employing an EBI
approach for the care of children and adoles-
cents. These questions and issues are detailed
at the start of each chapter.

B. Identifying the Medical Literature

The process of EBI requires timely access to the
relevant medical literature to answer the ques-
tion. Fortunately, massive on-line bibliograph-
ical references such as PubMed are available.
In general, titles, indexing terms, abstracts, and
often the complete text of much of the world’s
medical literature are available through these
on-line sources. Also, medical librarians are a
potential resource to aid identification of the rel-
evant imaging literature. A limitation of today’s
literature data sources is that often too much
information is available and too many potential
resources are identified in a literature search.
There are currently over 50 radiology journals,
and imaging research is also frequently pub-
lished in journals from other medical subspe-
cialties. We are often confronted with more
literature and information than we can process.
The greater challenge is to sift through the lit-
erature that is identified to select that which is
appropriate.
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C. Assessing the Literature

To incorporate evidence into practice, the clini-
cian must be able to understand the published
literature and to critically evaluate the strength
of the evidence. In this introductory chapter
on the process of EBI, we focus on discussing
types of research studies. Chapter 2 is a detailed
discussion of the issues in determining the
validity and reliability of the reported results.

1. What Are the Types of Clinical Studies?
An initial assessment of the literature begins
with determination of the type of clinical
study: descriptive, analytical, or experimental
(7). Descriptive studies are the most rudimen-
tary, as they only summarize disease processes
as seen by imaging, or discuss how an imaging
modality can be used to create images. Descrip-
tive studies include case reports and case series.
Although they may provide important informa-
tion that leads to further investigation, descrip-
tive studies are not usually the basis for EBI.

Analytic or observational studies include
cohort, case–control, and cross-sectional studies
(Table 1.2). Cohort studies are defined by risk
factor status, and case–control studies consist
of groups defined by disease status (8). Both
case–control and cohort studies may be used to
define the association between an intervention,
such as an imaging test, and patient outcome
(9). In a cross-sectional (prevalence) study, the
researcher makes all of his measurements on
a single occasion. The investigator draws a
sample from the population (i.e., asthma in

Table 1.2. Study design

Prospective
follow-up

Randomization
of subjects Controls

Case report
or series

No No No

Cross-
sectional
study

No No Yes

Case–control
study

No No Yes

Cohort study Yes/no No Yes
Randomized

controlled
trial

Yes Yes Yes

Reprinted with the kind permission of Springer Sci-
ence+Business Media from by Medina and Blackmore (40).

5- to 15-year-olds) and determines distribution
of variables within that sample (7). The struc-
ture of a cross-sectional study is similar to that
of a cohort study except that all pertinent mea-
surements (i.e., PFTs) are made at once, without
a follow-up period. Cross-sectional studies
can be used as a major source for health and
habits of different populations and countries,
providing estimates of such parameters as the
prevalence of asthma, obesity, and congenital
anomalies (7, 10).

In experimental studies or clinical trials, a spe-
cific intervention is performed and the effect of
the intervention is measured by using a con-
trol group (Table 1.2). The control group may
be tested with a different diagnostic test and
treated with a placebo or an alternative mode of
therapy (7, 11). Clinical trials are epidemiologic
designs that can provide data of high quality
that resemble the controlled experiments done
by basic science investigators (8). For example,
clinical trials may be used to assess new diag-
nostic tests (e.g., high-resolution CT for cystic
fibrosis) or new interventional procedures (e.g.,
stenting for coronary artery anomalies).

Studies are also traditionally divided into ret-
rospective and prospective (Table 1.2) (7, 11).
These terms refer more to the way the data
are gathered than to the specific type of study
design. In retrospective studies, the events of
interest have occurred before study onset. Ret-
rospective studies are usually done to assess
rare disorders, for pilot studies, and when
prospective investigations are not possible. If
the disease process is considered rare, ret-
rospective studies facilitate the collection of
enough subjects to have meaningful data. For a
pilot project, retrospective studies facilitate the
collection of preliminary data that can be used
to improve the study design in future prospec-
tive studies. The major drawback of a retro-
spective study is incomplete data acquisition
(10). Case–control studies are usually retrospec-
tive. For example, in a case–control study, sub-
jects in the case group (patients with perforated
appendicitis) are compared with subjects in a
control group (nonperforated appendicitis) to
determine factors associated with perforation
(e.g., duration of symptoms, presence of appen-
dicolith, size of appendix) (10).

In prospective studies, the event of interest
transpires after study onset. Prospective stud-
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ies, therefore, are the preferred mode of study
design, as they facilitate better control of the
design and the quality of the data acquired
(7). Prospective studies, even large studies, can
be performed efficiently and in a timely fash-
ion if done on common diseases at major insti-
tutions, as multicenter trials with adequate
study populations (12). The major drawback
of a prospective study is the need to make
sure that the institution and personnel comply
with strict rules concerning consents, protocols,
and data acquisition (11). Persistence, to the
point of irritation, is crucial to completing a
prospective study. Cohort studies and clinical
trials are usually prospective. For example, a
cohort study could be performed in children
with splenic injury in which the risk factor of
presence of arterial blush is correlated with the
outcome of failure of nonmedical management,
as the patients are followed prospectively over
time (10).

The strongest study design is the prospec-
tive randomized, blinded clinical trial (Table
1.2) (7). The randomization process helps to dis-
tribute known and unknown confounding fac-
tors, and blinding helps to prevent observer
bias from affecting the results (7, 8). However,
there are often circumstances in which it is not
ethical or practical to randomize and follow
patients prospectively. This is particularly true
in rare conditions, and in studies to determine
causes or predictors of a particular condition
(9). Finally, randomized clinical trials are expen-
sive and may require many years of follow-
up. Not surprisingly, randomized clinical trials
are uncommon in radiology. The evidence that
supports much of radiology practice is derived
from cohort and other observational studies.
More randomized clinical trials are necessary in
radiology to provide sound data to use for EBI
practice (3).

2. What Is the Diagnostic Performance of a Test:
Sensitivity, Specificity, and Receiver Operating
Characteristic (ROC) Curve?
Defining the presence or absence of an outcome
(i.e., disease and nondisease) is based on a stan-
dard of reference (Table 1.3). While a perfect
standard of reference or so-called gold stan-
dard can never be obtained, careful attention
should be paid to the selection of the standard

Table 1.3. Two-way table of diagnostic testing
Disease (gold standard)

Test
result Present Absent

Positive a (TP) b (FP)
Negative c (FN) d (TN)

FN, false negative; FP, false positive; TN, true negative; TP,
true positive.
Reprinted with the kind permission of Springer Sci-
ence+Business Media from by Medina and Blackmore (40).

that should be widely believed to offer the best
approximation to the truth (13).

In evaluating diagnostic tests, we rely on the
statistical calculations of sensitivity and speci-
ficity (see Appendix 1). Sensitivity and speci-
ficity of a diagnostic test are based on the
two-way (2 × 2) table (Table 1.3). Sensitivity
refers to the proportion of subjects with the dis-
ease who have a positive test and is referred to
as the true positive rate (Fig. 1.1). Sensitivity,
therefore, indicates how well a test identifies the
subjects with disease (7, 14).

Specificity is defined as the proportion of sub-
jects without the disease who have a negative
index test (Fig. 1.1) and is referred to as the
true negative rate. Specificity, therefore, indi-
cates how well a test identifies the subjects with
no disease (7, 11). It is important to note that the
sensitivity and specificity are characteristics of
the test being evaluated and are therefore usu-
ally independent of the prevalence (proportion
of individuals in a population who have dis-
ease at a specific instant) because the sensitivity
only deals with the diseased subjects, whereas
the specificity only deals with the nondiseased
subjects. However, sensitivity and specificity
both depend on a threshold point for consid-
ering a test positive and hence may change
according to which threshold is selected in the
study (11, 14, 15) (Fig. 1.1A). Excellent diag-
nostic tests have high values (close to 1.0) for
both sensitivity and specificity. Given exactly
the same diagnostic test, and exactly the same
subjects confirmed with the same reference test,
the sensitivity with a low threshold is greater
than the sensitivity with a high threshold. Con-
versely, the specificity with a low threshold is
less than the specificity with a high threshold
(Fig. 1.1B) (14, 15).
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Figure 1.1. Test with a low (A) and high (B)
threshold. The sensitivity and specificity of a
test change according to the threshold selected;
hence, these diagnostic performance parameters are
threshold dependent. Sensitivity with low thresh-
old (TPa/diseased patients) is greater than sensitiv-
ity with a higher threshold (TPb/dis-eased patients).
Specificity with a low threshold (TNa/nondiseased
patients) is less than specificity with a high thresh-
old (TNb/nondiseased patients). FN, false negative;
FP, false positive; TN, true negative; TP, true positive.
(Reprinted with permission of the American Society
of Neuroradiology from Medina (11).)

The effect of threshold on the ability of a test
to discriminate between disease and nondis-
ease can be measured by a receiver operat-
ing characteristic (ROC) curve (11, 15). The
ROC curve is used to indicate the trade-offs
between sensitivity and specificity for a par-
ticular diagnostic test and hence describes the
discrimination capacity of that test. An ROC
graph shows the relationship between sensitiv-
ity (y-axis) and 1–specificity (x-axis) plotted for
various cutoff points. If the threshold for sensi-
tivity and specificity are varied, an ROC curve
can be generated. The diagnostic performance
of a test can be estimated by the area under
the ROC curve. The steeper the ROC curve,
the greater the area and the better the discrim-
ination of the test (Fig. 1.2). A test with per-
fect discrimination has an area of 1.0, whereas
a test with only random discrimination has
an area of 0.5 (Fig. 1.2). The area under the

Figure 1.2. The perfect test (A) has an area under
the curve (AUC) of 1. The useless test (B) has an
AUC of 0.5. The typical test (C) has an AUC between
0.5 and 1. The greater the AUC (i.e., excellent >
good > poor), the better the diagnostic performance.
(Reprinted with permission of the American Society
of Neuroradiology from Medina (11).)
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ROC curve usually determines the overall diag-
nostic performance of the test independent of
the threshold selected (11, 15). The ROC curve
is threshold independent because it is gener-
ated by using varied thresholds of sensitivity
and specificity. Therefore, when evaluating a
new imaging test, in addition to the sensitivity
and specificity, an ROC curve analysis should
be done so that the threshold-dependent and
threshold-independent diagnostic performance
can be fully determined (10).

3. What Are Cost-Effectiveness and Cost-Utility
Studies?
Cost-effectiveness analysis (CEA) is an objec-
tive scientific technique used to assess alter-
native health care strategies on both cost and
effectiveness (16–18). It can be used to develop
clinical and imaging practice guidelines and
to set health policy (19). However, it is not
designed to be the final answer to the decision-
making process; rather, it provides a detailed
analysis of the cost and outcome variables and
how they are affected by competing medical
and diagnostic choices.

Health dollars are limited regardless of the
country’s economic status. Hence, medical deci-
sion makers must weigh the benefits of a diag-
nostic test (or any intervention) in relation to
its cost. Health care resources should be allo-
cated so the maximum health care benefit for
the entire population is achieved (10). Cost-
effectiveness analysis is an important tool to
address health cost-outcome issues in a cost-
conscious society. Countries such as Australia
usually require robust CEA before drugs are
approved for national use (10).

Unfortunately, the term cost-effectiveness is
often misused in the medical literature (20). To
say that a diagnostic test is truly cost-effective, a
comprehensive analysis of the entire short- and
long-term outcomes and costs needs to be con-
sidered. Cost-effectiveness analysis is an objec-
tive technique used to determine which of the
available tests or treatments are worth the addi-
tional costs (21).

There are established guidelines for con-
ducting robust CEA. The U.S. Public Health
Service formed a panel of experts on cost-
effectiveness in health and medicine to create
detailed standards for cost-effectiveness anal-

ysis. The panel’s recommendations were pub-
lished as a book in 1996 (21).

D. Types of Economic Analyses in Medicine

There are four well-defined types of economic
evaluations in medicine: cost-minimization
studies, cost–benefit analyses, cost-effectiveness
analyses, and cost-utility analyses. They are
all commonly lumped under the term cost-
effectiveness analysis. However, significant differ-
ences exist among these different studies.

Cost-minimization analysis is a comparison of
the cost of different health care strategies that
are assumed to have identical or similar effec-
tiveness (16). In medical practice, few diagnos-
tic tests or treatments have identical or simi-
lar effectiveness. Therefore, relatively few arti-
cles have been published in the literature with
this type of study design (22). For example, a
recent study demonstrated that functional mag-
netic resonance imaging (MRI) and the Wada
test have similar effectiveness for language lat-
eralization, but the later is 3.7 times more costly
than the former (23).

Cost–benefit analysis (CBA) uses monetary
units such as dollars or euros to compare the
costs of a health intervention with its health
benefits (16). It converts all benefits to a cost
equivalent and is commonly used in the finan-
cial world where the cost and benefits of multi-
ple industries can be changed to only monetary
values. One method of converting health out-
comes into dollars is through a contingent val-
uation or willingness-to-pay approach. Using
this technique, subjects are asked how much
money they would be willing to spend to
obtain, or avoid, a health outcome. For exam-
ple, a study by Appel et al. (24) found that indi-
viduals would be willing to pay $50 for low
osmolar contrast agents to decrease the proba-
bility of side effects from intravenous contrast.
However, in general, health outcomes and ben-
efits are difficult to transform to monetary units;
hence, CBA has had limited acceptance and use
in medicine and diagnostic imaging (16, 25).

Cost-effectiveness analysis (CEA) refers to anal-
yses that study both the effectiveness and cost
of competing diagnostic or treatment strate-
gies, where effectiveness is an objective mea-
sure (e.g., intermediate outcome: number of
strokes detected; or long-term outcome: life-
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years saved). Radiology CEAs often use inter-
mediate outcomes, such as lesion identified,
length of stay, and number of avoidable surg-
eries (16, 18). However, ideally, long-term out-
comes such as life-years saved (LYS) should be
used (21). By using LYS, different health care
fields or interventions can be compared.

Cost-utility analysis is similar to CEA except
that the effectiveness also accounts for qual-
ity of life issues. Quality of life is measured as
utilities that are based on patient preferences
(16). The most commonly used utility measure-
ment is the quality-adjusted life year (QALY).
The rationale behind this concept is that the
QALY of excellent health is more desirable than
the same 1 year with substantial morbidity. The
QALY model uses preferences with weight for
each health state on a scale from 0 to 1, where
0 is death and 1 is perfect health. The utility
score for each health state is multiplied by the
length of time the patient spends in that spe-
cific health state (16, 26). For example, let us
assume that a patient with a congenital heart
anomaly has a utility of 0.8 and he spends 1 year
in this health state. The patient with the cardiac
anomaly would have a 0.8 QALY in comparison
with his neighbor who has a perfect health and
hence a 1 QALY.

Cost-utility analysis incorporates the patient’s
subjective value of the risk, discomfort, and
pain into the effectiveness measurements of the
different diagnostic or therapeutic alternatives.
In the end, all medical decisions should reflect
the patient’s values and priorities (26). That is
the explanation of why cost-utility analysis is
becoming the preferred method for evaluation
of economic issues in health (19, 21). For exam-
ple, in low-risk newborns with intergluteal
dimple suspected of having occult spinal dys-
raphism, ultrasound was the most effective
strategy with an incremented cost-effectiveness
ratio of $55,100 per QALY. In intermediate-
risk newborns with low anorectal malforma-
tion, however, MRI was more effective than
ultrasound at an incremental cost-effectiveness
of $1000 per QALY (27).

Assessment of Outcomes: The major challenge
to cost-utility analysis is the quantification of
health or quality of life. One way to quan-
tify health is descriptively. By assessing what
patients can and cannot do, how they feel, their

mental state, their functional independence,
their freedom from pain, and any number of
other facets of health and well-being that are
referred to as domains, one can summarize their
overall health status. Instruments designed to
measure these domains are called health status
instruments. A large number of health sta-
tus instruments exist, both general instruments,
such as the SF-36 (28), and instruments that are
specific to particular disease states, such as the
Roland scale for back pain. These various scales
enable the quantification of health benefit. For
example, Jarvik et al. (29) found no significant
difference in the Roland score between patients
randomized to MRI versus radiography for low
back pain, suggesting that MRI was not worth
the additional cost. There are additional issues
in applying such tools to children, as they may
be too young to understand the questions being
asked. Parents can sometimes be used as sur-
rogates, but parents may have different values
and may not understand the health condition
from the perspective of the child.

Assessment of Cost: All forms of economic analy-
sis require assessment of cost. However, assess-
ment of cost in medical care can be confusing,
as the term cost is used to refer to many dif-
ferent things. The use of charges for any sort
of cost estimation, however, is inappropriate.
Charges are arbitrary and have no meaning-
ful use. Reimbursements, derived from Medi-
care and other fee schedules, are useful as an
estimation of the amounts society pays for par-
ticular health care interventions. For an anal-
ysis taken from the societal perspective, such
reimbursements may be most appropriate. For
analyses from the institutional perspective or
in situations where there are no meaningful
Medicare reimbursements, assessment of actual
direct and overhead costs may be appropri-
ate (30).

Direct cost assessment centers on the determi-
nation of the resources that are consumed in the
process of performing a given imaging study,
including fixed costs such as equipment and vari-
able costs such as labor and supplies. Cost analy-
sis often utilizes activity-based costing and time
motion studies to determine the resources con-
sumed for a single intervention in the context of
the complex health care delivery system. Over-
head, or indirect cost, assessment includes the
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costs of buildings, overall administration, taxes,
and maintenance that cannot be easily assigned
to one particular imaging study. Institutional
cost accounting systems may be used to deter-
mine both the direct costs of an imaging study
and the amount of institutional overhead costs
that should be apportioned to that particular
test. For example, Medina et al. (31) in a vesi-
coureteral reflux imaging study in children with
urinary tract infection found a significant differ-
ence (p <0.0001) between the mean total direct
cost of voiding cystourethrography ($112.7 ±
$10.33) and radionuclide cystography ($64.58 ±
$1.91).

E. Summarizing the Data

The results of the EBI process are a summary
of the literature on the topic, both quantitative
and qualitative. Quantitative analysis involves, at
minimum, a descriptive summary of the data
and may include formal meta-analysis where
there is sufficient reliably acquired data. Qual-
itative analysis requires an understanding of
error, bias, and the subtleties of experimental
design that can affect the reliability of study
results. Qualitative assessment of the literature
is covered in detail in Chapter 2; this section
focuses on meta-analysis and the quantitative
summary of data.

The goal of the EBI process is to produce a
single summary of all of the data on a partic-
ular clinically relevant question. However, the
underlying investigations on a particular topic
may be too dissimilar in methods or study pop-
ulations to allow for a simple summary. In such
cases, the user of the EBI approach may have to
rely on the single study that most closely resem-
bles the clinical subjects upon whom the results
are to be applied or may be able only to reliably
estimate a range of possible values for the data.

Often, there is abundant information avail-
able to answer an EBI question. Multiple studies
may be identified that provide methodologi-
cally sound data. Therefore, some method must
be used to combine the results of these stud-
ies in a summary statement. Meta-analysis is the
method of combining results of multiple stud-
ies in a statistically valid manner to determine a
summary measure of accuracy or effectiveness
(32, 33). For diagnostic studies, the summary

estimate is generally a summary sensitivity and
specificity, or a summary ROC curve.

The process of performing meta-analysis par-
allels that of performing primary research.
However, instead of individual subjects, the
meta-analysis is based on individual studies of
a particular question. The process of selecting
the studies for a meta-analysis is as important
as unbiased selection of subjects for a primary
investigation. Identification of studies for meta-
analysis employs the same type of process as
that for EBI described above, employing Med-
line and other literature search engines. Critical
information from each of the selected studies
is then abstracted usually by more than one
investigator. For a meta-analysis of a diagnostic
accuracy study, the numbers of true positives,
false positives, true negatives, and false nega-
tives would be determined for each of the eligi-
ble research publications. The results of a meta-
analysis are derived not just by simply pooling
the results of the individual studies, but instead
by considering each individual study as a data
point and determining a summary estimate for
accuracy based on each of these individual
investigations. There are sophisticated statisti-
cal methods of combining such results (34).

Like all research, the value of a meta-analysis
is directly dependent on the validity of each
of the data points. In other words, the qual-
ity of the meta-analysis can only be as good
as the quality of the research studies that the
meta-analysis summarizes. In general, meta-
analysis cannot compensate for selection and
other biases in primary data. If the studies
included in a meta-analysis are different in
some way, or are subject to some bias, then the
results may be too heterogeneous to combine
in a single summary measure. Exploration for
such heterogeneity is an important component
of meta-analysis.

The ideal for EBI is that all practice be based
on the information from one or more well-
performed meta-analyses. However, there is
often too little data or too much heterogeneity
to support formal meta-analysis.

F. Applying the Evidence

The final step in the EBI process is to apply
the summary results of the medical literature to


