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Improving Lung Scintigraphy

With the introduction of CT angi-
ography, the use of lung scintigraphy
for the diagnosis of acute pulmonary
embolism has declined sharply. How-
ever, in selected patient groups, such
as those with elevated serum creatinine
or contrast allergies, lung scintigraphy
continues to play an important role in
the diagnosis of pulmonary embolism.
As a result, work has continued on
approaches to improve the accuracy of
lung scintigraphy. Two articles in this
issue, by Stein et al. (1) and Gutte et al.
(2), highlight some of these advances.

Stein et al. note the sparseness of
data on the accuracy of SPECT lung
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scintigraphy with respect to objective
reference tests. Although there is a
growing impression that SPECT is
more accurate than planar imaging,
sufficient data to support this hypothesis
are not available. The published studies
generally involve small numbers of
patients from a single institution. Fur-
thermore, the methods used are not
optimal. Often, SPECT is compared
with planar imaging or CT angiography
in terms of sensitivity and specificity,
but it is known that different tests may
merely move the observer’s operating
point—the tradeoff between sensitivity
and specificity. When one is comparing
2 diagnostic tests, the receiver-operat-
ing-characteristic method is preferred,
since it allows identification of the
value of a test independent of a
particular operating point. Further, good

statistical methods exist for comparing
tests using the area under the receiver-
operating-characteristic curve.

There is a consensus that lung scan
readings should be binary—positive or
negative—sometimes with the inclu-
sion of a ‘‘nondiagnostic’’ group. A
few of us believe that some of our
clinical colleagues have the ability to
understand that lung scintigraphy has
multiple outcomes, which can be more
accurately described by likelihood
ratios (3). Likelihood ratios have the
additional advantage that they can be
extended to the case of both multiple
test outcomes and multiple disease
states. In the case of pulmonary embo-
lism, different disease states could be
used to model the severity of disease.
Irrespective of clinical implications, the
tendency to bifurcate the data has lead
to an oversimplification in the reporting
of study results.

Several of the studies reviewed by
Stein et al., and the study by Gutte et al.,
calculate sensitivities and specificities
in subgroups that exclude patients with
technically inadequate, intermediate,
indeterminate, or nondiagnostic stud-
ies. Although it is common to report
lung scan results in a subset of patients
excluding patients with nondiagnostic
tests (4), use of an intention-to-diagnose
analysis (5) would offer advantages
similar to those of the intention-to-treat
analysis widely accepted for reporting
therapeutic results.

The section on technical studies in
the article by Stein et al. notes a large
number of different SPECT V/Q imag-
ing protocols that have been developed.
Perhaps the most important technical
issue is the ventilation agent. Xenon,
which allows multiphase evaluation, is
practical only for planar imaging. An
ultrafine carbon suspension (Technegas;
Cyclomedica) and 81mKr have distribu-
tions more similar to ventilation than
aerosols and may have a more stable

distribution during SPECT data collec-
tion. However, the former is not avail-
able in some countries, such as the
United States, and the latter is expen-
sive. A second important technical issue
that is just starting to be addressed is
respiratory maneuvers during SPECT,
including the use of respiratory gating.

The article by Gutte et al. is a pro-
spective comparison of CT angiogra-
phy with SPECT/CT V/Q scintigraphy
making use of the low-dose CT com-
ponent of SPECT/CT. The CT portion
of SPECT/CT is another source of
technical variability with regard to
both breathing and radiation absorbed
dose. The CT radiation absorbed dose
is often divided into high-dose diag-
nostic CT and low-dose attenuation-
correction/anatomic-localization CT,
and within each group many different
doses have been used. Although not
diagnostic, the attenuation-correction/
anatomic-localization CT provides
considerable anatomic information, of
which Gutte et al. make good use.

The study of Gutte et al. uses a com-
posite reference standard including elec-
trocardiography, ultrasound of the lower
extremities, D-dimer levels, and clinical
follow-up for 6 mo. The composite
reference also includes side-by-side
reading of the methods being studied—
SPECT/CT V/Q scintigraphy and CT
angiography. Use of side-by-side read-
ing takes into account the relative
positivity of each examination: in one
patient the CT angiogram may provide
strong evidence of embolization
whereas the lung scan may be inter-
mediate in outcome, and visa versa.
Side-by-side reading also takes advant-
age of the fact that there may be a cross-
correlation between tests: one test may
provide an explanation for the findings
of another test. (A simple Bayesian
combination of results does not include
information from this cross-correlation.)
In pulmonary embolism, for which the
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diagnosis often cannot be established
definitively, a composite standard is
often the best standard. However, it is
important to keep in mind the possibility
that some patients may be wrongly as-
signed to a disease category by the tests
that are being studied, giving inflated
accuracies, which may be different for
the different tests.

The study of Gutte et al. is not
inconsistent with the widely held im-
pression that anatomic information in-
creases accuracy when added to V/Q
imaging. Of 196 patients screened, only
100 patients were eligible. There was
no final diagnosis in 5, CT angiography
was technically inadequate in 6, and
V/Q imaging was of poor technical
quality in 8, leaving 81 patients. The
point estimates of sensitivity and spe-
cificity for V/Q SPECT in a subset of
77 patients were 97% and 88%. Includ-
ing information from the low-dose CT
in a subset of 81 patients, these
estimates were high, 97% and 100%.
Furthermore, 4 patients with nondiag-
nostic V/Q scans were considered
diagnostic using the anatomic CT in-
formation.V/QSPECTwithchest radio-
graphy was not compared with these
results.

Gutte et al. also found better point
estimates in a subset of patients using
V/Q imaging and low-dose CT (n 5 81)
than in a subset using perfusion imag-
ing and low-dose CT (n 5 69) (sensi-
tivity, 97% vs. 93%; specificity, 100%
vs. 51%). This result is compatible with
the traditional impression that ventila-
tion imaging improves accuracy when
added to perfusion and anatomic imag-
ing. However, this result appears to
be at variance with the results using
2 methods not including the ventilation
scan, the Prospective Investigative
Study of Acute Pulmonary Embolism
Diagnosis (PISA-PED) and modified
Prospective Investigation of Pulmonary
Embolism Diagnosis (PIOPED) II cri-
teria. When the PISA-PED and modi-
fied PIOPED II criteria were compared
with the original PIOPED II results on
the PIOPED II database, the point
estimates of sensitivity and specificity
were similar: sensitivity of 80.5% and
84.9%, compared with 77.4%, and

specificity of 96.6% and 92.7%, com-
pared with 97.7%, with fewer non-
diagnostic studies (0.0% and 20.6%,
compared with 26.5%) (4).

Notably, 48 patients of the 96 patients
excluded from the study by Gutte et al.
were excluded because of contraindi-
cations to contrast. Furthermore, the
CT angiography point estimate of sen-
sitivity, 68% (n 5 81), was lower than
that for SPECT/CT V/Q imaging incor-
porating the low-dose CT information,
97% (n 5 81); both studies had point
estimates of specificity of 100%. These
results are not inconsistent with the hy-
pothesis that SPECT/CT V/Q imaging
using 81mKr is equivalent in accuracy to
CT angiography.

Diagnosis of venous thromboembo-
lism remains a difficult problem. Many
people die with undiagnosed pulmo-
nary embolism (6), and there is concern
that pulmonary embolism may be over-
diagnosed in other patients (7). Venous
thromboembolism represents a spec-
trum of disease. Small pulmonary
emboli on CT angiography without
apparent deep venous thrombosis on
ultrasound may not need therapy (8),
whereas massive emboli with hemody-
namic compromise may require aggres-
sive therapy (9). The role of lung
scintigraphy in selection of therapy is
not well defined. The extent of perfu-
sion defects on planar lung scintigraphy
correlates with cardiac ultrasound evi-
dence of right ventricular hypokinesis,
a physiologic marker of hemodynamic
compromise (10). Evaluation of the
severity of embolization has not been a
recent focus of lung scan investigation.
Because SPECT may provide a more
accurate measure of severity than
planar lung scintigraphy, the time may
be appropriate to revisit the utility of
lung scintigraphy for evaluating the
severity of embolization.

The articles by Stein et al. and Gutte
et al. suggest that SPECTor SPECT/CT
V/Q imaging may considerably im-
prove the diagnosis of pulmonary em-
bolism, compared with planar imaging.
However, these articles also raise sev-
eral questions. Is SPECT truly superior
to planar imaging? Which ventilation
agent should be used? Is the anatomic

information from low-dose CT superior
to that from chest radiography? What
CT radiation absorbed dose is accept-
able? Should respiratory maneuvers or
gating be used? Does ventilatory imag-
ing add to perfusion plus anatomic
imaging? How does optimized lung
scintigraphy compare with CT angiog-
raphy in a multiinstitutional setting?
Although it is unlikely that the effect of
these factors on diagnostic accuracy
will be rigorously evaluated, this un-
certainty is a problem we always face in
diagnostic imaging.

For those of us whose goal it is to
perform evidence-informed, practice-
based medicine, these articles suggest
that SPECT V/Q scintigraphy, or
SPECT/CT V/Q scintigraphy making
use of the information from CT, are
worth evaluating in our own practices.
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