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To PIOPED, or Not to PIOPED

For the last 15 years, the develop-
ment of lung scintigraphy has been
closely connected with the PIOPED
studies. In the latest analysis based on
the PIOPED II data, published in this
issue of The Journal of Nuclear Med-
icine (1), we learn that chest radiogra-
phy may safely be substituted for the
ventilation scan. However, I have to
admit that I am not completely con-
vinced of the usefulness of the PIOPED
system itself. In fact, I am of the
opinion that the PIOPED classification,
with all its nondiagnostic cases, its
intermediate-probability class, and its
unfavorable complexity, led to the
decline of ventilation–perfusion (V/Q)
scintigraphy that we are experiencing
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today. Furthermore I believe—and I
state this with deep regret—that in the
medium term the method might be lost
to nuclear medicine. The reason is quite
simple: if you tell a referring physician
twice in a row that the patient he sent
has a probability for pulmonary embo-
lism of between 20% and 80%, you will
never be asked again—and rightly so.
As far as CT angiography (CTA) is con-
cerned, I am quite sure that a substantial
number of examinations yield ambiva-
lent results, especially on the segmental
and subsegmental levels. Furthermore,
from my own studies I know that CTA
leads to a small number of false-positive
diagnoses and a substantial number
of false-negative diagnoses (2). The
PIOPED II investigators came to the

same results, finding a sensitivity and
specificity for CTA of 83% and 96%,
respectively (3). Still, neither the PIOPED
investigators nor their colleagues from
the radiology departments concluded
from these data that the development of
CTA-probability classes is in order.
Lung scintigraphy, if done properly, is
a highly sensitive test that leads to a
definitive diagnosis in about 97% and
a correct diagnosis in over 90% of
patients (4). The ventilation scan is easy
to obtain and produces a low radiation
exposure, and I cannot think of one
reason why I should set it aside. How-
ever, I am from Europe, where Techne-
gas (Cyclomedica) has been available
for over 10 years now, which makes the
procedure swift, clean, and easy.

The second aspect that amazes me
about the PIOPED investigators is their
ongoing and systematic neglect of the
SPECT technique. SPECT acquisitions
are neither hard to get nor complicated,
expensive, or time consuming. The
technique has proven its value in all
clinical fields of nuclear medicine. I
would very much like to see the re-
action of the scientific and clinical
community to an article in the JNM
proposing planar acquisitions for myo-
cardial scintigraphy or brain scans.
However, the designers of the PIOPED
II trial seem to think that SPECT is
negligible in the diagnosis of pulmo-
nary embolism. At the same time, they
demand that the ‘‘decline of V/Q use’’
has to be averted by increasing the value
of the examination. Using state-of-the-
art techniques would, at least in my
opinion, indeed increase the value of
the lung scan. By disregarding SPECT,
the whole comparison between CTA
and V/Q scintigraphy becomes unbal-
anced and biased. Although CTA is
done in present-day techniques using
all available modern developments, the
procedure of the perfusion scan has
barely changed between PIOPED I and

PIOPED II. Thereby, a modern tomo-
graphic technique is compared with
an outdated planar one. However, the
PIOPED team sticks to conventional
planar scans. The fact that no one
complains about this fuzzy study design
underlines the decline of V/Q scintig-
raphy. Why bother?

As a major conclusion of the article,
we learn that ‘‘ventilation scans are
superfluous in most patients.’’ However,
this statement implies that the physi-
cians reading the perfusion scans are
also familiar with interpreting chest
radiographs with high accuracy. Among
others, the chest radiography criteria
mentioned in the article comprise ‘‘size
and shape of the heart and hilar arteries,
position of the diaphragm, presence or
absence of pulmonary parenchymal ab-
normalities (consolidation, atelectasis,
oligemia, edema), and pleural effu-
sion.’’ In addition, ‘‘pulmonary consol-
idations were considered suggestive of
infarction if they had a semicircular or
half-spindle shape and were arranged
peripherally along the pleural surface.’’
Although I am quite sure that most col-
leagues working in the field of nuclear
medicine are well versed in reading
ventilation scans, I very much doubt that
they show the same level of expertise in
interpreting chest radiographs.

The aspect of radiation exposure is
discussed somewhat ambivalently. Al-
though on the one hand the authors are
highly motivated to reduce the patients’
radiation exposure by substituting the
ventilation scan with chest radiography,
on the other hand they have absolutely
no misgivings about advocating a broad
use of CTA in the diagnosis of pulmo-
nary embolism. At this point, we have
to remind ourselves that the radiation
exposure of the ventilation scan is rather
small whereas that of CTA is quite
substantial. According to the as-low-
as-reasonably-achievable (ALARA)prin-
ciple, the diagnostic test with the lowest
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reasonably achievable radiation expo-
sure should be used, at least if it shows
an acceptable accuracy. At present, the
largest share of medically induced ra-
diation is due to CT, and this devel-
opment is aggravated by the new
scanner generations with 32 or more
detector rows. According to current
epidemiologic studies, CT examina-
tions will lead to a substantial number
of patients with radiation-induced can-
cer (5,6). To make things worse, the radi-
ation exposure of CTA nearly triples
when not only the chest but also the lower
extremities are scanned. To sum it up:
radiation exposure is a problem of CTA
but not of lung scintigraphy. With
regard to the efficiency of the different
diagnostic methods, the authors find
a positive predictive value and negative
predictive value of 86% and 95%
for CTA, whereas scintigraphy yields
values of 85% and 96%, respec-
tively (Table 4, PISAPED (1)). It can
be assumed that the efficiency of lung
scintigraphy would have been even
better if ventilation scans had been used
instead of chest radiographs. Taking the
ALARA principle seriously, the con-
clusion of this observation should be
that lung scintigraphy and CTA show
comparable diagnostic efficiency. Be-
cause of the lower radiation exposure,
the lung scan is the method of choice for
the diagnosis of pulmonary embolism.
To recommend V/Q scans solely for
adolescents and women with large
breasts is a merry idea.

The most interesting part of the
article is the conclusion. Although it is
discussed in depth whether lung scans
are favorable in patients older than 50 y
or with a shadow on the lung, a blind
eye is turned on the efficiency of
the PIOPED system itself. To say it
with Marcellus, ‘‘something is rotten in
the state of Denmark.’’ The PISAPED

system—and it can hardly be called a
system but a simple rule—shows a tre-
mendously higher level of efficiency,
and this fact is hardly mentioned.
Pardon my saying so, but who cares
whether chest radiography can replace
the ventilation scan when the real mes-
sage of the paper is that PIOPED has led
the development of lung scintigraphy
into a dead-end street. The data clearly
indicate that the PISAPED criteria yield
better results than the PIOPED sys-
tem (PIOPED: 72% positive predictive
value, 97% negative predictive value;
PISAPED: 85% positive predictive
value, 96% negative predictive value).
In addition, PISAPED is less complex,
is easier to use, and shows a low inter-
observer variability while minimizing
the number of nondiagnostic scans. In
several passages of the article it is
emphasized that the value of the V/Q
scan could be substantially increased
by reducing both the number of non-
diagnostic examinations and the com-
plexity of the system. Other passages
mention that the decline of V/Q scin-
tigraphy is mainly due to the large
number of nondiagnostic scans. I fully
agree with all these statements. There-
fore, the real conclusion of the study is
that the PIOPED system cannot stand
the test of time. Instead, the PISAPED
criteria should be recommended for
the interpretation of lung scans because
they are highly advantageous with
regard to simplicity, reduction of non-
diagnostic scans, and diagnostic effi-
ciency. However, the authors are not
willing to take this admittedly radical
step. Instead, they advise that the
PISAPED system should be used only
by colleagues with ‘‘extensive experi-
ence’’—a recommendation that is
somewhat surprising since the criterion
‘‘one or more wedge-shaped perfusion
defects’’ does not sound so terribly

complicated to me. If you add ‘‘with
regular ventilation in the very same
anatomic region’’ you have a fascinat-
ingly simple and highly effective set of
criteria to diagnose pulmonary embo-
lism. The decline of the lung scan is
a serious loss for nuclear medicine
because nuclear medicine has not that
much left to lose. Yet, perhaps in this
case we may be able to stem the tide by
surprising our referring colleagues with
definitive and reliable diagnoses.

In Shakespeare’s masterpiece, Ham-
let asks himself ‘‘whether ’tis nobler in
the mind to suffer the slings and arrows
of outrageous fortune or to take arms
against a sea of troubles, and by op-
posing end them.’’ With regard to the
PIOPED system, I recommend the
latter.

Patrick Reinartz
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Duesseldorf, Germany
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