clinical characteristics, including risks for DVT and ana-
tomic extent of disease, to be appreciated. Finally, future
studies should include larger numbers of patients to pro-
vide narrower confidence intervals for the reported sensi-
tivities and specificities.

Technetium-99m-RBC venography has potential but
unproven clinical utility for the diagnosis of DVT. Other
nuclear medicine techniques for the diagnosis of DVT are
also promising. Tests based on anti-fibrin (/6) or anti-
platelet (/7) monoclonal antibodies may provide accurate
imaging for fresh thrombi in any location. However, there
is insufficient data on the accuracy and utility of these new
tests. While contrast venography remains the gold standard
of diagnosis for DVT, and IPG and ultrasonography have
clinical utility for proximal DVT, there may still be an
important role for nuclear medicine imaging in the diag-
nosis of DVT in certain clinical settings.
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EDITORIAL

Diagnostic Accuracy and Deep Venous Thrombosis:

A Biostatistician’s Perspective

n this issue of the Journal of Nuclear
Medicine, Pinson, Becker, Phil-
brick and Parekh (/) make another
contribution to the already extensive
literature concerning noninvasive al-
ternatives to the use of contrast ven-
ography (CV) in the diagnosis of deep
venous thrombosis (DVT). The direc-
tion of the literature is clear—nonin-
vasive diagnostic methods continue to
chip away slowly at the position of CV
as the gold standard in DVT detection
and characterization. However, there
Received Aug. 20, 1991; accepted Aug. 27,
199;& reprints contact: Stephen J. Waish, ScD,
of Community Medicine and Health
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seems to be some disagreement over
the stability of CV’s standing. In 1988,
Redman (2) concluded an editorial in
Radiology by commenting:

Clearly, CU (compression ultra-
sound) for diagnosis of acute
DVT, either alone or in con-
junction with Doppler or
impedance plethysmography,
meets the criteria for a screening
test. CV can retain the title of
“gold standard” while each ra-
diologist traverses the learning
curve for CU, but then CV
should be positioned as a
backup procedure for the times
when results of less invasive pro-

cedures raise more questions
than answers.

A vyear later, an anonymous editorial
in the Lancet (3) offered a different

viewpoint, saying:

Efficient treatment of venous
thrombosis demands accurate
knowledge of the extent and ap-
pearance of the thrombus and,
in particular, the limit of its
proximal extension; this infor-
mation may not be satisfactorily
obtained with non-invasive in-
vestigations alone.

From my perspective as a biostatis-
tician, the most significant contribu-
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tion of the paper by Pinson and col-
leagues towards settling the debate
over DVT diagnosis is neither its for-
mat as a critical review nor its focus
on a radionuclide imaging technique
that has, perhaps, not received as
much consideration as it might merit.
Rather, within the context of the DVT
controversy, I consider the distinctive
aspect of their paper to be its clear
emphasis on the need for adherence
to basic methodologic standards in the
evaluation of competing diagnostic
systems. This message is by no means
new or obscure. It was initially voiced
in 1978 in a seminal article by Ran-
sohoff and Feinstein (4) that identi-
fied common problems with patient
spectrum and bias in studies of diag-
nostic tests. The standards used in the
Pinson paper are derived from that
article by way of earlier critical re-
views published by Philbrick et al. (5)
and by Becker et al. (6). The Pinson
paper provides evidence that the de-
bate over DVT diagnosis is based, in
part, on investigations that lack the
level of scientific rigor encouraged by
Ransohoff and Feinstein. More evi-
dence to this effect is provided by the
Becker article which applied similar
standards in evaluating fifteen studies
of real-time ultrasonography in DVT
detection.

Resolution of the tension between
CV and ultrasonography, plethysmog-
raphy or scintigraphy cannot occur
until studies of clearly recognizable
validity provide consistent results. In
the interim, the prevalence of DVT
and the importance of its treatment
will continue to promote extensive re-
search. While the methodologic stand-
ards put forth by Pinson et al. provide
a minimal basis for achieving validity,
I would argue that, as expressed, they
represent merely a checklist of guide-
lines. They lack a unifying focus and,
by doing so, are prone to be applied
too rigidly and without a full appre-
ciation of the practical trade-offs that
must be made in systematically eval-
uating diagnostic tests. Furthermore,
the standards fail to reflect much of
the development that has taken place
over the last fifteen years concerning

what needs to be measured in diag-
nostic trials, how those measurements
should be obtained and, ultimately,
how they should be combined across
studies in order to reach higher levels
of conclusiveness than can be
achieved by most studies alone. The
purpose of this editorial is to highlight
major aspects of more recent meth-
odologic developments and to offer a
broad framework that characterizes
the role they should play in diagnostic
research.

Measurement lies at the heart of the
scientific method and measuring “ac-
curacy” is the ideal focus of an eval-
uation of diagnostic systems. The
studies reviewed by Pinson all reflect
an appreciation of the fact that accu-
racy cannot be adequately captured
by a single measurement but requires,
at very least, obtaining a pair of meas-
urements—namely, sensitivity and
specificity. However, the studies do
not acknowledge the fact that even a
pair of sensitivity and specificity esti-
mates cannot fully represent the range
of performance possible with any di-
agnostic system that relies on observer
judgement for the determination of
disease positivity. Reliance of a diag-
nostic test on observer interpretation
means that the outcome from a single
application of that test may be differ-
entially classified by individual read-
ers if they are using different criteria
in reaching their judgements or if they
have varying levels of skill in using
the procedure. Even when the levels
of skill are balanced, the potential op-
eration of individual standards re-
quires that accuracy be viewed in a
broader sense as the functional rela-
tionship that exists between sensitivity
and specificity as the threshold of dis-
ease positivity is varied from less to
more lenient. This functional rela-
tionship is graphically represented by
the receiver operating characteristic
(ROC) curve. Table 1 in the Pinson
article lists sensitivity and specificity
pairs from the six studies under re-
view. On the one hand, the various
levels of observed “accuracy” may in-
dicate quantitatively different diag-
nostic capabilities resulting either

Diagnostic Accuracy and Deep Venous Thrombosis * Walsh

from how *™Tc venography was ap-
plied across the studies or from dis-
parate reader skills. Alternatively, the
variation may only be the by-product
of different thresholds for pronounc-
ing disease presence on the part of the
participating radiologists. Without
reference to ROC methodology, we
simply cannot tell.

The ROC curve was first intro-
duced to the medical setting in 1960
(7). Since then, efforts have been
made to incorporate the concept into
the wider field of medical decision
making, to develop experimental de-
signs appropriate to evaluating spe-
cific diagnostic tasks and to provide
statistical methods for analyzing data
from diagnostic trials. Two excellent
reviews by Hanley (8) and Metz (9)
include virtually complete bibliogra-
phies of the topic and can serve as
concise introductions to the applica-
tion of ROC methodology in diagnos-
tic research.

The complement of knowing what
to measure is knowing how to meas-
ure it. The question of how to collect
data regarding diagnostic perform-
ance is really one of experimental de-
sign. One can claim that the standards
put forth in the Pinson article should
be applied in designing any study of
diagnostic methods. However, I prefer
to view them only as components that
potentially contribute to satisfaction
of the broader objectives of experi-
mental design—broader objectives
that include repeatability, validity and
generalizability.

Repeatability of any study of a di-
agnostic test requires that the tech-
nique be formally standardized before
the study begins and fully docu-
mented in any release of study results.
This is, in essence, Standard 1 of Pin-
son et al. Yet, merely establishing a
standard protocol may not be suffi-
cient to ensure repeatability. In partic-
ular, a “quality control” process may
need to be instituted, particularly in
large or prolonged studies, to make
sure that personnel who apply the
technique do so uniformly and that
no evolution in how the standard pro-
cedure is performed occurs over time.
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A series of multi-institutional trials of
imaging techniques for cancer staging
have sought to maintain quality by
establishing committees of co-investi-
gators whose primary responsibility is
the monitoring of protocol compli-
ance throughout the period of data
collection (10). The repetition of
study results may also be difficult if
non-standardized definitions of pri-
mary disease characteristics are em-
ployed by the individuals who inter-
pret test results. Pinson’s second
standard alludes to this concern. One
procedure for reducing this source of
interobserver variability is to establish
reference sets of images from selected
cases before the study starts and to use
those sets to reinforce in the readers a
common sense of how to classify par-
ticular findings (10).

The goal of achieving validity in
diagnostic trials can be expressed neg-
atively as the intention to avoid study
procedures that systematically yield
inaccurate or biased measurements.
Standards 6 and 7 of Pinson et al.
warn against using study designs that
allow test results to effect the appli-
cation of the gold standard or that
permit contamination of test results
by the gold standard or vice versa.
Begg has reviewed these and other
biases that can occur in test evaluation
studies (/7). Among the other biases,
two worth emphasizing include the
difficulty of genuinely assessing accu-
racy in the absence of a definitive gold
standard and the possibility that extra-
neous effects may be introduced when
patients with uninterpretable or in-
complete test results are eliminated
from the study population.

Definition and description of the
study population in a diagnostic trial
are primary requirements for gener-
alizability. These are the issues ad-
dressed by Standards 3, 4, and 5 in
the Pinson article. Originally, these
were the elements that, for Ransohoff
and Feinstein, constituted patient
“spectrum” or, in other terminology,
“case mix.” Patient spectrum effects
both the levels of diagnostic perform-
ance observed as well as the applica-
bility of study results to more routine
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clinical practice. However, the design-
ers of diagnostic studies also need to
be sensitive to the presence of a second
population, specifically, the popula-
tion of test readers (9). One would
expect different levels of performance
from academic radiologists as op-
posed to residents. The generalizabil-
ity of study findings may well depend
on the levels of expertise and experi-
ence possessed by the readers chosen
to participate in the study.

I believe that any discussion of de-
sign issues for diagnostic trials needs
to acknowledge the realities of clinical
practice and the fact that compro-
mises of the “perfect” design are in-
evitable. For example, in studying
DVT, contrast venography is used as
the reference test by which to establish
the “true” diagnosis. Yet, CV is itself
only another imaging method. It has
been shown that variation exists
among readers of CV, thereby imply-
ing that the “gold standard” is less
than perfect (12). One way to avoid
this issue is to analyze agreement be-
tween CV and its competitors instead
of treating CV as a definition of truth.
One commonly used measure of
agreement between diagnostic tests is
the kappa statistic (13). Agreement is
a relative assessment of performance
rather than the “absolute” or “pure”
assessment of accuracy that we seek
in the ideal. Recourse to the assess-
ment of relative performance has also
been suggested by Metz as a way of
potentially tolerating biases when al-
ternative diagnostic procedures are
being compared, but only as long as
there is some assurance that the biases
are “balanced” across procedures
(14).

The norm in research investigating
diagnostic alternatives for DVT ap-
pears to be small, single institution
studies. The median sample size for
the six studies reviewed by Pinson et
al. was 32. In the review of 15 studies
of ultrasonography by Becker et al.
the median sample size was 46 pa-
tients. Such small studies face diffi-
culties achieving adequate precision
in the estimation of even a single pair
of sensitivity/specificity values. The

possibility of valid sub-group analysis,
e.g. proximal versus distal location, or
of reliably estimating ROC curves is
remote. Two options that potentially
address this predicament deserve con-
sideration from those actively in-
volved in DVT diagnostic research.
On the one hand, they should con-
sider the possibility of organizing
multi-institutional trials. This ap-
proach has recently been taken in
studying imaging for cancer staging
and has met with some success (15,
16). A discussion of the methodologic
questions faced by the cooperative
group that organized these trials has
been offered by Gatsonis and McNeil
(10). Factors that favor the potential
success of this approach for the DVT
problem include the wide prevalence
of appropriate study subjects and the
ready availability of necessary equip-
ment and trained personnel. On the
other hand, it is clear that independ-
ent, small studies will continue to be
performed and offered for publica-
tion. Recent years have seen the emer-
gence of meta-analysis as a method of
formally combining quantitative re-
sults of individual studies on the same
topic in the expectation that aggrega-
tion will provide a greater level of
precision or conclusiveness. A com-
prehensive review of the basic issues
in its application has been published
by Ellenberg (17). The specific adap-
tation of meta-analytic techniques to
the field of diagnostic test evaluation
is in its infancy. An initial contribu-
tion to this effort has been made by
Kardoun and Kardoun (I8), who
have developed a method for combin-
ing the individual sensitivity/specific-
ity assessments that often result from
diagnostic trials to yield a common
ROC curve for the particular diagnos-
tic technique under study.

Even further developments in the
application of meta-analysis for diag-
nostic test evaluation will not be able
to overcome wide-spread neglect of
basic methodologic issues by individ-
ual investigators. A critical review
such as that presented by Pinson and
colleagues reminds researchers of the
need for sensitivity to these issues.
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Unfortunately, there is no fixed ex-
perimental design or succinct list of
guidelines that can be routinely ap-
plied to the study of DVT diagnostic
systems with the assurance of valid
and conclusive results. The complex-
ities of the disease and of the available
diagnostic technology will not permit
such a simple approach. However,
there is an extensive literature detail-
ing methodologic developments spe-
cifically for diagnostic trials. My hope
is that this editorial has identified the
major themes in that literature and
has provided basic bibliographic ref-
erences to them.
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