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Evidence-based Practice in
Radiology: Steps 3 and 4—
Appraise and Apply Diagnostic
Radiology Literature'

Jonathan D. Dodd, MD, MSc, MRCPI, FFR (RCSI)

Several paradigms for evidence-based practice (EBP) ex-
ist. One model proposes that specialist academic centers
should primarily construct valid guidelines for various top-
ics in medicine (top-down model). An alternative model
integrates “the best research evidence with clinical exper-
tise and patient values” (bottom-up model). Whereas the
former model inherently implies a central specialized pro-
cess, the latter implies that practitioners working in non-
specialist centers can learn and implement a standardized
set of tools with which to ask a question, search and
appraise the literature, and then apply best current evi-
dence in a local setting. This article focuses on appraising
the literature and applying retrieved results and is part of a
series on EBP in radiology. This article describes a clinical
scenario in which a new respirologist at a hospital requests
indirect computed tomographic (CT) venography as part
of a work-up of a patient with a high pretest probability for
pulmonary embolism and a positive D-dimer test result.
Many controversies surround the technique of indirect CT
venography, and difficult topics such as this are ideally
suited to the tools of EBP. This article will describe how to
approach such a scenario.
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he clinical scenario: You are a staff
Tradiologist working in a busy ter-

tiary referral academic hospital. A
new respirologist has been recently ap-
pointed who has a well-established re-
search interest in venous thromboem-
bolism (VTE). During your weekly chest
conference, he brings up the case of an
elderly woman with a high pretest prob-
ability of pulmonary embolism (PE) and
a positive finding at enzyme-linked im-
munosorbent assay D-dimer testing. Be-
cause the patient has moderately severe
chronic obstructive airways disease,
she is not a suitable candidate for a ven-
tilation-perfusion study (1). The respi-
rologist is requesting that computed to-
mographic (CT) pulmonary angiogra-
phy be performed and that indirect CT
venography be included as part of the
protocol. He questions why this tech-
nique is not routinely performed in all
patients suspected of having PE.

After the conference, the new respi-
rologist writes to you in regard to the
issue of indirect CT venography. In his
letter, he emphasizes that “the preva-
lence of deep vein thrombosis (DVT) is
182 and that of PE is 201 per 100 000
observation-years (2). In-patient mor-
tality from VTE has been estimated to
be around 12% (3,4). VIE may be diffi-
cult to diagnose clinically, and clinical
prediction models have been validated
for both DVT and PE to help categorize
patients as having low, intermediate, or
high pretest probabilities for these con-
ditions (5,6). Contemporary D-dimer
testing has high sensitivity but low spec-
ificity (7). It has recently been demon-
strated that use of indirect CT venogra-
phy may increase the detection rate of
VTE by as much as 20% (8). Given that
approximately 90% of cases of PE arise
from the pelvic or leg veins, it would
seem prudent to include indirect CT
venography as part of a CT pulmonary
angiography protocol.”

You write back to the respirologist,
and in your letter you comment that
“contrast material-enhanced venogra-
phy is the classic reference standard for
DVT (4). This examination is invasive,
costly, _causes considerable interob-
server variation, and may induce
thrombosis in a small number of cases

(9,10). Ultrasonography (US) has a high
sensitivity and specificity but also has
limitations (10). It is poor at depicting
the pelvic, iliac, and calf veins, is user-
operator dependent, may result in false-
negative findings in patients with dupli-
cated venous anatomy, and has a lower
accuracy in patients who are asymptom-
atic (11).” You finish your letter by sug-
gesting that you undertake an evalua-
tion of the literature on this topic, and
you promise to get back to the respi-
rologist with your results.

Your radiology resident is unfamil-
iar with indirect CT venography. You
explain that it is a method whereby im-
ages from the lower limbs to the dia-
phragm are obtained, 2-4 minutes after
CT pulmonary angiography, by using
only the contrast material that is al-
ready in the circulation from the CT
pulmonary angiographic examination
(12). This allows visualization of the ab-
dominal, pelvic, and leg veins. You sug-
gest that your resident review the liter-
ature on the technique and arrange to
discuss his findings at the next resident
teaching rounds.

At rounds, the resident reports a
frustratingly low yield of primary diag-
nostic articles. He initially searched
with Google, which returned 777 Web
sites (the first page of the search results
contained two articles from the radiol-
ogy literature). He then searched
PubMed, which is a Web site developed
by the National Center for Biotechnol-
ogy Information and is designed to pro-
vide access to citations from the bio-
medical literature (13). By using the
term indirect CT venography, he found
five diagnostic articles in English (14—
18), six review articles (19-24), three
integrative epidemiology articles in En-
glish (8,25-27), one integrative epide-
miology article in Italian (28), one arti-
cle on the evaluation of cerebral venous
thrombosis (29), one case report that
described indirect azygous vein continu-
ation syndrome in German (30), and
one article on a cohort study of Budd-
Chiari syndrome in Chinese (31). The
five diagnostic articles that seemed rele-
vant to indirect CT venography did not
show homogeneous results. Sensitivi-

ties varied from 70% to 100% (15-18).

Furthermore, CT scanning protocols
were markedly different among the
studies. The resident is not sure where
to go from here.

You explain to the radiology resi-
dent that you have worked previously
on difficult or “gray areas” of the radiol-
ogy literature by using the principles of
evidence-based medicine and applying
them to your radiology practice. Such
evidence-based practice (EBP) has its
origins at McMaster University, Hamil-
ton, Ontario, Canada, and the Oxford
Centre for Evidence-Based Medicine,
Oxford, England. Since its conception,
EBP has been applied to many medical
disciplines, including radiology. After
your discussion with the respirologist,
you decide that the tools of EBP would
be ideally suited to this problem.

This article is part of a series on EBP
in radiology. The first two articles pro-
vided an introduction to EBP (32,33),
while the current article applies EBP
tools to the evaluation of the diagnostic
radiology literature by using indirect CT
venography as an example.

EBP: The Stepwise Process

There are five steps in applying the
“evidence-based” approach (34): ask,
search, appraise, apply, and evaluate.
These steps were undertaken between
July 2004 and November 2005 for the
scenario presented in this article.

Step 1: Ask

Asking a focused question.—As dis-
cussed in the first article of this series
(32), asking a focused clinical question
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involves using the four components of _Flgunn —
the PICO format: patient, investigation, £
comparison, and outcome of interest. 8
These components are most useful if

they are each used as a medical subject
heading (MeSH). A search for suitable
MeSH terms for any topic can be found
by using the Preview/Index tab found on
the PubMed home page (Fig 1).

Result of asking a focused question
on indirect CT venography.—In text
format, the question would read as fol-
In patients suspected of having
VTE, how does indirect CT venography
compare with a reference standard in
the diagnosis of DVT?

lows:

Step 2: Search

EBP search strategies (32) were used.

Levels of evidence.—There is a hier-
archy of evidence in the literature (35).
At its most basic level, the medical litera-
ture can be divided into primary and sec-
ondary evidence. At the top of the “evi-
dence pyramid” (35) are evidence-based
guidelines that summarize important and
relevant topics in clinical medicine. One
such system is Clinical Evidence from the
British Medical Journal Publishing Group
(36). The next level of evidence is made
up of evidence-based journals, such as the
American College of Physicians Journal
Club (37). The next level includes evi-
dence-based reviews, guidelines, and da-
tabases—for example, the Cochrane Col-
laboration (38). All of these levels to-
gether make up the secondary literature.
For the clinical scenario described above,
each of these sources was searched for
articles by using the term indirect CT
venography.

The primary literature consists of
articles on original studies and is the
lowest level on the evidence pyramid.
For this level of evidence, the PubMed
Web site was searched by using the
PICO format, which allows one to link
concepts in a search strategy. The use
of Boolean operator terms in the search
bar on the PubMed Web site allows one
to link similar concept terms by using
the operator OR and different concept
terms by using the operator AND_(Fig
1). For the current clinical scenario, the
primary literature was searched by us-
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Figure1:  MeSH termsin a search strategy with PubMed. (a) Clicking Preview/Index tab (arrow a) opens search
box inall fields (arrow b). (b) Typing indirect CT venographyin the search box and clicking the Index tab (arrow ¢)
opens a list of possible MeSH terms (arrow d). Clicking most appropriate term will highlight it. Different search
words can be typed in the search box. Clicking AND and OR tabs (arrow €) adds highlighted MeSH term to the Pre-
view search. Individual searches can then be combined in PICO format. (c) Possible search strategy with MeSH
terms. First search with indirect CT venographyyields 13 articles (arrow f). Second search with tomography, x ray
computedyields 161 371 articles (arrow g). Combining searches yields 10 articles (arrow £1). Including only reports
inEnglish yields nine articles (arrow /). Such strategies result inmore focused and relevant article refrieval.
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ing the MeSH terms listed in Figure 2.
An example of one possible search
strategy for the current scenario is
given in Figure lc.

Results from searching the litera-
ture.—A search of evidence-based Web
sites revealed that under the topic of
VTE there were separate recommenda-
tions for PE and invasive venography
but none for indirect CT venography.
For the search of evidence-based jour-
nals, the author did not subscribe to
American College of Physicians Journal
Club, and there was no free symposium
on indirect CT venography. A search
of the Cochrane Library, Guidelines
Finder, and the Scottish Intercollegiate
Guidelines Network revealed no re-
views on indirect CT venography. A
search performed by using the search
engine SUMSearch yielded no system-
atic reviews.

During the PubMed search of the
primary literature, two different groups
of articles became evident. One group
consisted of a large number of articles
of integrative epidemiology studies per-
formed to assess aspects of indirect CT
venography other than diagnostic evalu-
ation. These articles were not the pri-
mary focus of the current clinical sce-
nario and were not appraised in detail.

The second group consisted of arti-
cles on primary diagnostic studies, and
this group of reports was appraised in
detail (12,14-17,39-48). One article on
the evaluation of indirect CT venogra-
phy in the intensive care setting was

excluded, since (a) patients in such a
setting have many different clinical as-
pects compared with patients in a non—
intensive care setting, (b) clinical rather
than technologic outcomes were used as
the reference standard, and (c) such a
setting is unrelated to the clinical sce-
nario being used in this report (18). The
data from the excluded study did sup-
port the use of indirect CT venography
as an alternative to US in intensive care
patients.

The retrieved articles are listed in
Table 1. The Related Articles tab on the
PubMed Web site is another possible
search option, but the author did not
find this feature to be very specific. For
example, clicking on the Related Arti-
cles tab for each retrieved article
yielded only two retrievals (ie, entire
sets of related articles for a given topic)
with fewer than 30 articles, many of
which were unrelated to indirect CT
venography.

Readers interested in more detailed
discussion on searching the literature
are referred to the first article in this
series (32).

Step 3: Appraise

Applying levels of evidence to arti-
cles.—How does a busy radiologist sift
through large numbers of articles to find
those that have the least amount of
bias—and therefore provide results that
are closest to the truth? Among many
options, one of the most useful is to
assign a level of evidence to each article.

In practice settings where local EBP
groups exist, assigning levels of evi-
dence can be a useful teaching exercise
for students, residents, and fellows and
can save the senior radiologist valuable
time. Practical aspects of teaching EBP
will be discussed in a later article in this
series.

The author’s local evidence-based
radiology group consists of residents
and fellows who meet once a week to
learn about and apply the principles of
EBP to their local radiology practice.
Meetings are voluntary and are led by a
consultant (attending) radiologist who
provides teaching about EBP and re-
sources for solving difficult radiology
problems. For junior members, this re-
sults in substantial contributions to local
practice and stimulates abstract publi-
cation at international academic meet-
ings and article publication in the inter-
national peer-reviewed literature (39—
41).

The Oxford Centre for Evidence-
Based Medicine has developed a table of
levels of evidence (Table 2 shows an
abbreviated form of the levels of evi-
dence; the full table is freely accessible
online) (42). With this table, one can
quickly assign a level of evidence to each
article retrieved from PubMed. This is
useful because articles that are assigned
a very low level of evidence do not re-
quire further analysis unless it is the
best evidence available. In this way,
only the highest level of articles need
to be evaluated, which can markedly

clude some less relevant ones.

Patient Investigation Comparison
pulmonary embolism  AND indirect CT venography AND ultrasonography AND
OR OR OR
venous tomography, spiral
thromboembolism computed phiebography
OR OR OR
thromboembolism computed tomography venography
132109 168001 22469
Figure2:  Possible search strategies with the PICQ format. The search can be customized to suit different requirements. If time is limited, searching MeSH terms

across the row will resultin asmall retrieval of the most important articles but may miss some relevant ones. If more time is available or a search is required to encompass
allimportantarticlesonatopic; the searchican bewidened by inserting more column MeSH terms. This will resultin a larger retrieval of important articles but may in-

Outcome Results
deep vein thrombosis =% 5
OR
venous thrombosis — 12

OR
deep venous thrombi —» 22

36517
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Table 1 Table 2

Retrieved Articles for Clinical Levels of Evidence and Grades of Recommendations for Diagnostic Studies from the
Scenario and Number of Articles Oxford Centre for Evidence-Based Medicine
Retrievable with the PubMed Related

. Grade of
Articles Tab Recommendation/
No. of Level of Evidence Description
Related . . . . : . . w
Study and Year Atticles Ala Systenjgtlc rewew. (with hompgeneﬁy) f)f level 1 .dl.agnostlc studies or a clinical
decision rule with 1b studies from different clinical centers

Begemann et al (16), 2003 15 A1b Independent blind comparison of an appropriate spectrum of consecutive patients, all
Cham et al (15), 2000 25 of whom have undergone both the diagnostic test and the reference standard
Loud et al (49), 2001 53 Alc Diagnostic finding for which specificity is so high that positive result rules in the
Lim et al (50), 2004 151 diagnosis or for which sensitivity is so high that negative result rules out the
Lim et al (17), 2004 164 diagnosis
Au et al (51), 2001 271 B/2a Systematic review (with homogeneity) of level 2 diagnostic studies
Loud et al (12), 1998 284 B/2b Independent blind comparison but either in nonconsecutive patients or confined to a
Ghaye et al (52), 2000 341 narrow spectrum of study patients (or both), all of whom have undergone both the
Walsh and Redmond (53), 2002 348 diagnostic test and the reference standard; or a clinical decision rule not validated
Yoshida et al (14), 2001 388 by means of a test set
Peterson et al (45), 2001 496 B/3a Systematic review (with homogeneity) of studies with a level of 3b and better
Duwe et al (54), 2000 630 B/3b Nonconsecutive study or independent blind comparison of an appropriate spectrum,
Loud et al (43), 2000 698 but reference standard was not applied to all study patients
Garg et al (55), 2000 1010 C/4 Reference standard was not applied independently or was not applied blindly
Coche et al (56), 2001 1122 D/5 Expert opinion without explicit critical appraisal or based on physiology, bench

research, or “first principles”

Note.—Adapted, with permission, from reference 42.

reduce the reading load. There are
levels of evidence not just for articles
on diagnostic studies but also for arti-
cles on therapy, prevention, harm, eti-
ology, prognosis, differential diagnosis,
and economic and decision analysis

Table 3

Levels of Evidence for the Retrieved Articles on Indirect CT Venography

. . . . Level of Grade of
studies. Discussion of these is beyo.nd Study and Year Evidence Recommendation
the focus of the current report, but in-
terested readers are referred to the Loud et al (43), 2000 1b A
Web site of the Oxford Centre for Evi- Lim et al (17), 2004 1b A
dence-Based Medicine for further infor- Begemann et al (16), 2003 2b B
mation (42) . Peterson et al (45), 2001 2b B

Results from assigning a level of ev- Ghaye et al (52), 2000 3b B
idence.—The results of assigning levels Loud.et al (49), 2001 3b B
of evidence can be seen in Table 3. z(:h'da etlal1 (142 2001 : g
There were no level 1a, 2a, or 3a sys- B arr]n etta|(556), 2%%2 . .
tematic reviews for the evaluation of in- Dzsv::t :I ((54))’2000 s o
direct CT venography. There were two : ’

. . Lim et al (50), 2004 4 C

level 1b articles, two level 2b articles,
3 " ) 4 Loud et al (12), 1998 4 C
tW(.) level 3b articles, and.elght l.evel Garg et al (55), 2000 4 c
articles. The level 2b articles did not Au et al (51), 2001 4 c

state that consecutive patients were
used. The level 3b articles did not have
the stated reference standard applied to
all patients. Several methodological
flaws were present in the studies in the
level 4 reports, and the commonest flaw
was_ the nonblinded performing of tests
(or not stated in the articles). The level

Note.—Levels of evidence were determined by applying the criteria from the Oxford Centre for Evidence-Based Medicine
(Table 2).

ticle from the diagnostic literature is ap-
praised, two sections are evaluated.
The Materials and Methods section of

ports and were appraised in the most
detail.
Evaluating validity from the Materi-

1b articles were the highest level re-

als and Methods section.—When an ar-

the article is assessed for the “validity”
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of the study, and the Results section is
evaluated for the statistical “strength” of
the study.

Several standard questions are
asked when one is appraising a diagnos-
tic study for validity (34): (a) Was there
an independent, blinded comparison
with a reference standard of diagnosis?
(b) Was the diagnostic test evaluated in
an appropriate spectrum of patients
(like those in whom it would be used in
practice)? (c¢) Was the reference stan-
dard applied regardless of the diagnos-
tic test result? (d) Was the test (or a
cluster of tests) validated in a second,
independent group of patients?

Each time the answer to a question
is “no,” a potential source of method-
ological bias is identified. The Centre
for Evidence-Based Medicine has stated
that the ideal study performed to evalu-
ate a diagnostic test should be an inde-
pendent blinded comparison of an ap-
propriate spectrum of consecutive pa-
tients, all of whom have undergone both
the diagnostic test and the reference
standard (42).

Results from appraising validity in the
retrieved articles.—The results from ap-
praising the validity in the retrieved arti-
cles in this report can be seen in Table 4.
Both of the retrieved level 1b studies had
an independent blinded comparison with
a reference standard in an appropriate
spectrum of patients (17,43). The authors
did not validate the test in a second com-
pletely independent group of patients in
either of these studies.

Additional points for a radiologist to
consider.—It is suggested that the Materi-
als and Methods section of radiology arti-

cles, in addition to being used to answer
epidemiologic questions, should be ap-
praised from the radiologist’s perspective
with five further questions. These ques-
tions are as follows (41): (a) Has the im-
aging method been described in sufficient
detail for it to be reproduced in one’s own
department? (b) Has the imaging test
been evaluated and the reference test
been performed to the same standard of
excellence? (c) Have “generations” of
technology development within the same
modality (eg, conventional vs helical sin-
gle-detector row vs multi-detector row
CT) been adequately considered in the
study design and discussion? (d) Has ra-
diation exposure been considered? (The
concept of justification and optimization
has assumed prime importance in radia-
tion protection to patients.) (e) Were
magnetic resonance and/or CT images re-
viewed on a monitor or as film (hard-
copy) images? For example, with indirect
CT venography, small clots may be diffi-
cult to see on film images but may become
visible on digital images by means of care-
ful manipulation of window width and
level settings (44).

Results from appraising validity from
a radiologist’s perspective.—Many radio-
logic aspects of indirect CT venography
were not included in the two level 1b arti-
cles (17,43). Details on the kilovolt peak,
milliampere-second, window width, and
window center were omitted from one or
the other of the articles (Table 5), which
makes these protocols difficult to repro-
duce in other departments (Table 6).
Technology generations were not dis-
cussed in one of the level 1b articles (43).
Radiation exposure was not considered in

Table 4

Validity of the Highest Ranked Studies Derived from the Materials and Methods

Section of Each Article

Test Evaluated

Reference Standard Test Validated

Independent Blinded in Appropriate Applied to All in Second
Comparison with Spectrum of Patients Regardless Independent
Study Reference Standard Patients of Test Result Patient Group
Loud et al (43) Yes Yes Yes No
Lim et al (17) Yes Yes Yes No
Begemann et al (16) Yes Yes Yes No
Peterson et al (45) Yes Yes Yes No

Radiology: \/olume 242: Number 2—February 2007

either article. In one of the articles (43), it
was not stated whether film or digital im-
ages were used in evaluation.

Because of the “radiologic” limita-
tions in the level 1b articles, the two
retrieved level 2b articles (16,45) were
also appraised in more detail. In one of
the level 2b articles (16), the kilovolt
peak and milliampere-second values
were stated for the indirect CT venogra-
phy examination. In both studies, the
imaging test and the reference standard
were performed to the same level. In
one of the level 2b articles (16), the
authors discussed technology genera-
tions and evaluated radiation exposure.
The same authors stated that digital im-
ages were read.

Appraising strength from the Results
section.—Assessment of the strength of a
radiology study can be found in the Re-
sults section of an article. The important
statistical parameters include the preva-
lence of DVT, sensitivity and specificity
(with 95% confidence intervals), predic-
tive values, and likelihood ratios (LRs).
Further reference to the derivations of
these calculations can be found in the Ap-
pendix. Any articles that did not have us-
able raw data were discarded. The data
(true-positive, true-negative, false-posi-
tive, and false-negative findings) from all
four appraised articles were pooled in or-
der to calculate an unweighted summary
estimate of sensitivity, specificity, predic-
tive values, and LRs for indirect CT
venography.

Findings from assessment of the Re-
sults section.—Three articles (16,17,43)
demonstrated high sensitivity and speci-
ficity for indirect CT venography in the
detection of DVT (Table 7). One article
(45) demonstrated a lower sensitivity
(sensitivity of 0.71). Confidence intervals
in three articles were satisfactorily nar-
row (16,17,43). One article showed wide
confidence intervals for sensitivity (95%
confidence interval: 0.5, 0.95) (45). The
positive predictive value was very high in
two articles (17,43) (VTE prevalence,
100% and 27%, respectively), moder-
ately high in one article (16) (VTE preva-
lence, 49%), and low in one article (45)
(VTE prevalence, 10%). The negative
predictive value was high in all four arti-
cles. For three of the retrieved articles the
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Indirect CT Venography Protocols from the Highest Ranked Studies

Table 5

Protocol Loud et al* Limetalt Begemann et al* Peterson et als
CT technology generation Single—detector row Multi—detector row Multi—detector row Multi-detector row
Range and direction Upper calves to Upper calves to lliac crests to lliac crests to 1 cm below
diaphragm midabdomen knees tibial plateaus

Collimation (mm) 5.0 25 2.5 7.5

Section width (mm) 5.0,10.0! 5 8.0, 3.0% NS

Section interval (cm) 5.0 0.5 0.8,0.2% 0.375

Kilovolt peak NS NS 120 NS

Milliampere second NS NS 165 NS

Pitch (cm per rotation) 1.0 3.0 1.25 2.25

Window width NS Digital Digital NS

Window center NS Digital Digital NS

Contrast material (mL) 120 120 140 150

Injection rate (mL/sec) 3.0 3.0 3.0 4.0

Scanning delay (sec) 210 180 180 180

Note.—NS = not stated.

* Reference 43.

T Reference 17.

* Reference 16.

S Reference 45.

I The first 10 patients were scanned by using a section width of 10 mm.

#This study included two image sets, with a thick section width and interval and a thin section width and interval.

Table 6

Validity of the Highest Ranked Studies: Additional Points for Radiologists to Consider

Same Standard Imaging Technology Radiation
Sufficient Protocol Detail Test and Reference Generations Exposure Digital or Film
Study for Reproducibility Standard Discussed Considered Images Viewed
Loud et al (43) No Yes No No NS
Limetal (17) No Yes Yes No Digital
Begemann et al (16) Yes Yes Yes Yes Digital
Peterson et al (45) No Yes No No NS

Note.—NS = not stated for indirect CT venography.

Strength of the Highest Ranked Studies Derived from the Results Section of Each Article

Positive Predictive Negative Predictive
Study Sensitivity* Specificity* Valuet Value Positive LR Negative LR
Loud et al (43) 1.0 1.0 1.0 (27) 1.0 >10 <0.1
Limetal (17) 1.0 1.0 1.0 (100) 1.0 >10 <01
Begemann et al (16) 1.0(1,1) 0.93(0.84, 1.0 0.83 (49) 1.0 >10 <0.1
Peterson et al (45) 0.71 (0.5, 0.95) 0.93(0.88, 0.97) 0.53 (10) 0.97 9.6 0.3
* Data in parentheses are 95% confidence intervals.
T Data in parentheses are percentages of prevalence of VTE.
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positive LR was greater than 10 and the
negative LR was less than 0.1; theses ra-
tios indicated a strong likelihood of dis-
ease being present if the test result was
positive and of the disease being absent if
the test result was negative (16,17,43).
For one article (45), the positive LR was
9.6 and the negative LR was 0.3, and
these values indicated a moderate likeli-
hood of disease being present if the test
result was positive and of the disease be-
ing absent if the result was negative. A hip
prosthesis in one patient and a below-
knee amputation in another patient led to

misinterpretation of the indirect CT
venograms and contributed substantially
to the poorer statistical performance in
one of the level 2b articles (45).

Step 4: Apply

Combining LRs and pretest probabilities:
graphs of conditional probability.—One
of the most useful things about LRs is that
they may be combined with the pretest
odds for a disease to give the posttest
probability (46,47). Remember that all
that is required to calculate LRs is the
sensitivity and specificity of a test. The

entire spectrum of pretest odds for a dis-
ease can then be multiplied by the LR of a
particular test to give a corresponding
spectrum of posttest probabilities. This
can be graphically represented and is
called a graph of conditional probability
(GCP). The calculations of these graphs
can be performed from spreadsheets
(sources for these and an explanation of
how GCPs were derived for the current
article can be found in the Appendix).
GCPs help to answer the questions posed
in the current clinical scenario. It is the
posttest probability that the clinician re-
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ally wants to know: “If [ order indirect CT
venography to be performed in this pa-
tient, given the imaging result, what now
is the posttest probability that my patient
has DVT?” An integral part of using these
GCPs is estimating the pretest probability
of disease. For populations, this is the
disease prevalence, and for individual pa-
tients, responsibility for the pretest prob-
ability lies both with the referring clini-
cian who should provide it and with the
radiologist who should ask for it. For
VTE, clinical decision rules have been de-
rived for particular symptoms, signs, and
risk factors (5,6).

Results from using GCPs: current
clinical scenario.—In the current clini-
cal scenario, an elderly woman has a
high pretest probability of PE and a pos-
itive enzyme-linked immunosorbent as-
say D-dimer test result. For patients
with a high pretest clinical probability of
PE, the prevalence is 78% (6). If this
prevalence is applied as the pretest
probability to the GCP for D-dimer test-
ing and the result is positive, the post-
test probability is 85%, which warrants
further investigation (Fig 3a). This post-
test probability for the D-dimer test can
be used as the pretest probability for
another investigation, provided that this
investigation is not measuring the same
disease property.

The posttest probability from the
positive D-dimer result (85%) is applied
as the pretest probability to the GCP for
CT pulmonary angiography (Fig 3b)
(48,57). If the result is positive, the
posttest probability is 99% and the diag-
nosis is confirmed. If the result is nega-
tive, the posttest probability is 30%,
which is not low enough to exclude dis-
ease. This posttest probability for CT
pulmonary angiography can then be
used as the pretest probability for the
GCP for indirect CT venography.

The posttest probability from the
negative result at CT pulmonary angiog-
raphy (30%) is applied as the pretest
probability to the GCP for indirect CT
venography (Fig 3c). If the test result is
positive, the posttest probability of DVT
is greater than 72% and the diagnosis is
confirmed. If the test result is negative,
the posttest probability of DVT is less
than 5% and the diagnosis is excluded.

Clinical Resolution

Now return to the clinical scenario de-
scribed in the beginning of this article.
You present your “evidence-based” ap-
proach to indirect CT venography to your
radiology colleagues, who agree with your
findings. You write to the respirologist
with your results: “Current best evidence
(from primary diagnostic studies) shows
that indirect CT venography has a high
sensitivity and specificity with satisfacto-
rily narrow confidence intervals for the
detection of DVT. In certain patient sub-
groups (those with hip prosthesis and be-
low-knee amputations), there is a sub-
stantially lower sensitivity and specificity,
and these patients may be more optimally
evaluated with US. Findings of integrative
epidemiologic studies suggest that using
helical multi- detector row CT with a scan
range that includes the midabdomen and
pelvis may increase the detection of acute
VTE by up to 20%. We recommend its
routine implementation in patients with
intermediate or high pretest probability.
Findings of two studies have confirmed an
increased radiation dose to patients spe-
cifically from indirect CT venography. In
patients with low probability, particularly
those younger than 40 years, the need for
indirect CT venography should be re-
viewed on a case-by-case basis and an
alternative investigation, such as bilateral
leg US, may be undertaken to rule out
DVT.”

Step 5: Evaluate

The final step incumbent for EBP practi-
tioners is to evaluate their results in
clinical practice. Outcomes obtained in
specialist centers can then be evaluated
locally. The author’s local radiology
group has recently implemented indi-
rect CT venography into departmental
protocols (58).

The author’s results may differ from
those in previous articles for many po-
tential reasons. Such translation from
an efficacy level to an effectiveness level
has been recognized by others (59). We
found that a learning curve exists for
indirect CT venography in clinical prac-
tice, and this is similar to the findings of
other groups (60). Radiologists should
not expect indirect CT venography to
generate images with a peak venous en-

hancement similar to peak pulmonary
arterial enhancement. Two excellent
pictorial reviews (44,61) that highlight
the potential pitfalls in image interpre-
tation may be useful during the initial
introduction of this technique to local
practice. These reviews also describe
several technical parameters not in-
cluded in earlier work.

Indirect CT venography is a relatively
new technique that allows direct visual-
ization of thrombi in the deep venous sys-
tem of the abdomen, pelvis, and lower
limbs. Because the technique is contem-
porary, many traditional sources, such as
radiology textbooks, have limited infor-
mation on diagnostic performance. Col-
leagues may be unfamiliar with its meth-
ods. It is a rapidly evolving technique that
continues to undergo refinements. Expert
opinion is divided on many aspects of in-
direct CT venography, and such difficult
topics are ideally suited for the tools of
EBP. These tools can help radiologists sift
through what is often a literary quagmire
and achieve resolution for such gray areas
of the literature. Traditional use of purely
subjective opinion is receding, and the
ability to search for and appraise articles
by using systematic methods is assuming
greater importance. This is encompassed
in the EBP paradigm, which is defined as
“the integration of best research evidence
with clinical expertise and patient values”
(34). The shift in medical practice is par-
ticularly relevant to radiology, where
technologies characteristically evolve rap-
idly. Now, more than ever, radiologists
must maintain their knowledge base. The
EBP analysis of the literature on indirect
CT venography performed here revealed
some important issues.

Indirect CT Venography Protocol

Scan delay.—Reported scan delays vary
widely in the literature—anywhere be-
tween 2 and 4 minutes (15,49). Authors
of one level 1b study used a 180-second
scan delay and reported no inconclusive
scans (17). Authors of the other level 1b
study used a 210-second delay, with simi-
lar results (49). In one level 2b study (16),
authors used a 180-second scan delay and
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reported two scans that were poor and
one that was unreadable. In the other
level 2b study (45), there were seven
scans with poor venous contrast agent
opacification. The two causes of poor
opacification in this study were streak
artifact from hip fixation hardware and
a below-knee amputation that caused
asymmetrical opacification of leg veins.

The use of a shorter scan delay ap-
pears to result in higher numbers of
suboptimal scans. In a larger series of
541 patients suspected of having PE, a
scan delay of 120 seconds resulted in
23% of indirect CT venograms being
rated as “fair to poor” (15). Thus, re-
sults the analysis in this report would
support a longer scan delay of 180 sec-
onds or more. In a recent study (62) in
which authors used calf and thigh stock-
ings to increase venous flow, findings
indicated a 30% increase in opacifica-
tion of the deep venous system. This
addition to conventional protocols should
improve image quality further. The use of
multi-detector row CT is likely to influ-
ence the scan delay in future studies.
More rapid rates of contrast agent injec-
tion are being used with current multi-
detector row CT protocols, which may
lead to shorter delays before opacification
of the pelvic and leg veins (63).

Section interval.—In one level 1b
study (43), a section interval of 50 mm
was used, and no DVT was missed with
this protocol. In a follow-up study of 650
patients (49), 308 of whom underwent
comparison at US, there were two false-
negative findings with indirect CT venog-
raphy, which were related to short-seg-
ment thrombus in the superficial and
common femoral veins. More recently
Cham et al (8) demonstrated in a study of
1590 patients that among the 148 patients
with DVT, 24% had thrombi that were
less than 50 mm in length. In two of our
retrieved multi-detector row CT studies
in which section intervals of 5 and 8 mm
were used, sensitivities were 100%.
Thus, results of our analysis would sup-
port a section interval narrower than 50
mm. This would increase the number of
images acquired and the time required
to read them. In this regard, the use of
multi-detector row CT is likely to have a
strong effect. In one of the level 1b studies

(43), in which single-detector row CT
was performed with a section width of
5-10 mm and a section interval of 50 mm,
5-7 minutes was required to obtain the
indirect CT venogram. In the other level
1b study (17), in which multi-detector
row CT was performed with a section
width of 5 mm and a section interval of 5
mm, 80-90 seconds was required to ob-
tain the indirect CT venogram. In a more
recent study (27) in which six different
multi-detector row CT protocols were
compared, findings suggested that the op-
timum section interval was 6 mm. Al-
though the number of images that need to
be acquired is increased, this must be
countered against an improved detection
rate of VTE, which may justify the added
time required to read images.

Scan range.—The four studies ap-
praised in the retrieval in this report had
relatively homogeneous scan ranges, but
other studies have used shorter ranges—
for example, from the midcalves to the
acetabulum (25). In both level 1b studies
(17,43), six of 19 patients with DVT had a
thrombus in the iliac veins or inferior
vena cava. In a larger cohort of 650 pa-
tients suspected of having VTE, 31 pa-
tients had DVT without evidence of PE at
indirect CT venography, and 10 of the
thrombi were located in the inferior vena
cava (49). Thus, results of this analysis
would support a scan range that includes
the midabdomen and pelvis. Longer scan
ranges have the added benefit of enabling
detection of additional nonthrombotic
findings, albeit in small numbers. In one
study (56) on the use of indirect CT
venography, ascites, a pelvic mass, a he-
patic and retrocaval mass, hepatic metas-
tases, and a renal mass were detected.

Radiation dose.—It is striking that
of the 14 primary diagnostic articles re-
trieved for this report, in only one was
radiation dose specifically examined
(16). In that article, collimations of 2.5
and 5.0 mm with a pitch of 1.25 mm
gave effective total doses of 8.26 and
7.25 mSv, respectively. Rademaker et al
(64) measured effective and gonadal
dose in six patients with thermolumi-
nescence dosimeters. With use of a col-
limation of 8 mm, the effective dose was
2.3-2.7 mSv. The ovarian dose from
combined CT pulmonary angiography

and indirect CT venography was 4.7
mSv, and the testicular dose was 6.7
mSv. Evolving multi-detector row CT
dose reduction techniques—notably,
automatic tube current modulation—re-
sult in substantial reductions in radia-
tion dose (65). Wider collimation and
lower milliampere-second values than
those used by Begemann et al (16)
should reduce doses further.

Whether the radiation risk inherent
to indirect CT venography outweighs
the benefit of disease detection must be
assessed for each individual patient.
Those patients with an intermediate or
high pretest probability have an actual
prevalence of 28% or 78% for PE, re-
spectively (5). Patients with a low pre-
test probability have an actual preva-
lence of 3% for PE, and alternative
methods of evaluation such as bilateral
leg US may be more prudent in this
group, particularly in those patients
younger than 40 years (66). In this re-
gard, Stein et al (67) reviewed the Na-
tional Hospital Discharge Survey for the
entire United States and found that the
rates of diagnosis of DVT and PE and
the use of diagnostic tests over 21 years
were markedly higher in elderly pa-
tients compared with younger patients.
Although the rate of diagnosed DVT in
elderly patients increased strikingly
over the past decade, that of PE re-
mained relatively constant. It is likely in
future years that the majority of indirect
CT venography examinations will be
performed for elderly patients.

Practicing EBP in Radiology

Points for radiologists to consider.—
Medical epidemiologists designed the
tools of EBP for medical articles. Tech-
nology in radiology has become progres-
sively more complex, and certain as-
pects are not easily comprehensible to
nonradiologists. Some additional pa-
rameters to the medical EBP checklist
have been added here in an attempt to
include an appraisal of “radiologic” as-
pects in study methods (41). This
proved to be an important section in the
current article. Neither level 1b article
provided all CT parameters required to
repeat the technique in another depart-
ment. Because of this, the retrieved
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level 2b articles were also appraised.
This additional appraisal is acceptable if
information is unavailable from higher
level articles and is obtainable from
lower level articles if it represents the
best current evidence available. In the
current appraisal, the two level 2b ar-
ticles provided important aspects of
multi-detector row CT, such as kilo-
volt peak and milliampere-second val-
ues, that were not included in the level
1b articles.

Lack of standardization in study
methods.—The tables of evidence from
the Oxford Centre for Evidence-Based
Medicine were used because they are
freely accessible, are conceptually easy
to comprehend and apply, and are in-
ternationally recognized as robust. It
must be stressed that alternative meth-
ods for appraisal of articles exist.

Several of the articles in the initial
retrieval were well designed in many
aspects but omitted one or two impor-
tant epidemiologic requirements from
the text. In one instance (51), the study
used technologists who were blinded to
the results of indirect CT venography,
but this fact was not stated in the article
(V. W. Au, written communication).
Lack of standardization caused a lower
level of evidence to be assigned to sev-
eral studies, many of which are im-
mense research undertakings and
achievements and may not contain any
“real-life” methodological flaws. Such
lack of standardization creates a barrier
to the application of EBP to radiology.
The Standards for Reporting of Diag-
nostic Accuracy Initiative attempts to
implement consistency in study design
by providing a 25-item checklist with
which researchers can construct epide-
miologically sound diagnostic research
(68).

The need for such explicitness in
study design was recently highlighted by
Schmidt et al (69), who evaluated Med-
line for English-language articles pub-
lished in 2000 in journals with an impact
factor of greater than 4. Only 41% of
articles reported on more than 50% of
the Standards for Reporting of Diagnos-
tic_Accuracy items, and no_article re-
ported on more than 80% of the items.
The technology assessment and EBP

paradigms will be considered in detail
later in this series. The importance of
explicitness is highlighted by the Ameri-
can College of Radiology Task Force on
Appropriateness Criteria, which regu-
larly publishes nationally accepted sci-
entifically derived guidelines for various
disease topics (70). Such practice guide-
lines are generated through a rigorous
evaluation of the literature by an expert
panel (interested readers are referred
to the American College of Radiology
for further reading [70]). The pros and
cons of “expert” panel evidence will be
considered in a later article in this se-
ries.

Appendix

Sensitivity is calculated as TP/(TP +
FN) and specificity is calculated as TN/
(TN + FP), where FN, FP, TN, and TP
are the numbers of false-negative, false-
positive, true-negative, and true-positive
findings, respectively. Results should
be presented with appropriate indica-
tors of measurement error or uncer-
tainty such as confidence intervals. A
95% confidence interval is the range of
values within which the true result will
lie 95% of the time. Interested readers
can refer to additional articles for fur-
ther reading (47,71,72).

LR is the ratio of two probabilities:
the probability of a test result in pa-
tients with disease divided by the prob-
ability of the same result in disease-free
patients. LRs are calculated from sensi-
tivity and specificity (47): the LR of a
positive result is determined as sensitiv-
ity/(1 — specificity) and the LR of a neg-
ative result is determined as (1 — sensi-
tivity)/specificity. LRs summarize the
information in both sensitivity and spec-
ificity and convey the discriminative
power of a test numerically (73). LRs lie
in the range of O to infinity. A LR of O
excludes disease—the result is never
found in the patients with disease. A LR
of infinity confirms disease—the result
is never found in disease-free patients.
If the LR equals 1, it implies that the test
result is found equally in both patients
with disease and disease-free patients;
therefore, the test has no discriminating
power for this indication. In practice,

LRs of greater than 10.0 or less than 0.1
are considered strongly positive for dis-
ease and strongly negative for disease,
whereas LRs in the range from 2.0 to
0.5 are weakly positive to weakly nega-
tive, respectively. The closer the LR is
to 1.0, the lower the effect the result
has on disease probability. Interested
readers should refer to articles by Mac-
Eneaney and Malone (47) and by Ra-
dack et al (74).

For pretest probabilities, clinicians
do not use mathematic formulas but de-
velop a general sense of “probability”
classified in broad terms as low, inter-
mediate, or high pretest probability of
having a given diagnosis. The spectrum
of pretest probabilities for a given dis-
ease ranges from 0% pretest probability
(the clinician is sure the patient does
not have the diagnosis) to 100% pretest
probability (the clinician is sure the pa-
tient has the diagnosis). Alternatively
the clinician may be entirely uncertain
of the diagnosis (50% pretest probabil-
ity). Use of GCPs can help interpret
such clinical pretest probabilities by
multiplying the pretest odds by the LR
to give the posttest probability. In the
current report, the GCPs for D-dimer
and CT pulmonary angiography were
calculated from sensitivities and speci-
ficities derived from methodologically
sound systematic reviews in the litera-
ture (48,57). A spreadsheet that is
widely available on the Internet calcu-
lates all of the above statistical parame-
ters automatically, is easily used, and is
downloadable free in either laptop or
personal digital assistant format (75).
Once statistical parameters have been
calculated, they can be summarized and
stored by using critically appraised top-
ics. These can also be freely down-
loaded from the Internet (76).
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