Ultilization of Lung Scans by Clinicians
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To determine the effect of clinical assessments and lung scan results on the management of
patients, we studied 566 consecutive patients referred for lung scans because of suspected
pulmonary embolism. Prior to the lung scan, the clinician was asked to estimate the probability of
pulmonary embolus. Two or three days later the physician was contacted to determine how the
patient was managed. The results of the lung scan strongly influenced patient management.
Patients with high probability lung scans were treated for pulmonary embolism regardless of the
clinical pretest estimate. Low and intermediate probability lung scans resulted in most patients not
being treated for puimonary embolism and not referred for pulmonary angiography. Only 55 of the

566 patients were referred for pulmonary angiography, and approximately one-half of these
patients had lung scans with an intermediate probability for pulmonary embolism.
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Diagnosing pulmonary embolism (PE) is difficult.
The presence of PE can be confirmed by pulmonary
angiography, but the risk of the procedure, albeit small
(1), often makes clinicians wary of using it. The physi-
cian’s clinical assessment can classify patients into
groups with different probabilities of having pulmonary
embolism, but the classification is imperfect and often
leaves the physician uncertain as to the diagnosis. Simi-
larly, ventilation-perfusion (V/Q) lung scans can also
be used to classify patients into groups with differing
probabilities of having pulmonary embolism (2-5).
Classifications based on V/Q scanning are also imper-
fect (6-11) and problems in the interpretation of these
studies and in their clinical use occur (8,9). Thus, no set
of signs, symptoms, or laboratory results other than
pulmonary angiography reliably discriminates between
all patients with and without the disease.

In the absence of a reliable noninvasive method for
determining the presence or absence of pulmonary em-
boli, one would expect that a procedure such as pulmo-
nary angiography that has a low morbidity (/) would
frequently be used in diagnosing pulmonary embolism
since both the disease and its treatment have substan-
tial morbidity. However, studies have shown that only a
minority of patients receiving V/Q scans for suspected
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pulmonary embolism undergo pulmonary angiography
(12). Although pulmonary angiography is more fre-
quently performed in patients with inconclusive (inter-
mediate probability or indeterminate) lung scans, even
in this subgroup only about one-half will undergo pul-
monary angiography (/2). Furthermore, studies which
have evaluated clinical estimates of pulmonary embo-
lism have noted ~ 40% of patients have intermediate
pretest estimates (8,/1). One would expect, if patients
have both intermediate pretest estimates and interme-
diate probability lung scan results, these patients would
have pulmonary angiography.

The purpose of this investigation was to determine
the effect of physicians’ clinical assessments and V/Q
scan results on subsequent management of patients
suspected of pulmonary embolism.

MATERIALS AND METHODS

The study population consisted of the 566 consecu-
tive patients at our institution who were referred be-
tween July 1982 and March 1983 for V/Q scans be-
cause of suspected pulmonary embolism. The ordering
physician was asked to estimate the clinical probability
of the patient’s having had a pulmonary embolus as
high (80%), medium (20-80%), or low (20%).

Ventilation studies were performed prior to the per-
fusion study in the posterior projection following ad-
ministration of 15 mCi (555 MB) of xenon-133 (133Xe).
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The study included single breath, equilibrium and
washout images. Perfusion images were obtained with 3
mCi (111 MB) of technetium-99m macroaggregated
albumin ([**Tc]MAA) and included six views. Chest
x-rays were obtained within 12 hr of the V/Q study.
The V/Q scan was interpreted using criteria similar to
Biello et al. (2,6) for categorizing the results of the scan
as normal, low, intermediate or high probability. Pre-
test estimates of probability were not known by the
radiologist interpreting the study. Both intermediate
and indeterminate studies were considered intermedi-
ate probability studies.

Two or three days following the V/Q study, the
ordering physician was contacted to determine how the
patient had been managed. The physician’s manage-
ment was used to define whether the diagnosis of pul-
monary embolism was excluded, uncertain or con-
firmed. Patients were assumed to have the diagnosis of
pulmonary embolism excluded if no anticoagulant
therapy was administered and the patient was not re-
ferred for pulmonary angiography. The diagnosis was
considered uncertain if the patient was referred for
pulmonary angiography (even if the patient refused to
undergo the test). The diagnosis was considered con-
firmed if the patient was treated with anticoagulants
without being referred for pulmonary angiography. Pa-
tients with normal lung scans which exclude the diagno-
sis of PE (9), patients with other disorders requiring
anticoagulation such as deep venous thrombosis, and
patients considered too sick to undergo pulmonary an-
giography were excluded from analysis of the manage-
ment patterns.

RESULTS

For the 566 patients referred for V/Q scans because
of suspected pulmonary embolism, clinical pretest esti-
mates of the probability of pulmonary embolism and
the lung scan results are shown in Table 1. The pretest
estimates were of low probability in 201 patients, medi-
um probability in 264 patients and high probability in
101 patients. V/Q scan results were normal in 23, low

TABLE 1
Clinical Pretest Estimates and V/Q Lung Scan Resuits
Pretest Lung scan results
estimates Normal Low Intermediate High Total
Low 13 159 24 5 201
(36%)
Medium 8 181 48 27 264
(46%)
High 2 59 18 22 101
(18%)
Total 23 399 90 54
(4%) (71%) (16%) (9%)
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TABLE 2
Patient Management Related to Lung Scan Results and
Pretest Estimates*®
Pretest Lung scan resuits
estimates Low Intermediate High
RX+ 0t RX+ 0 RX+ 3
Low 152{PA3 21lPA8 SlPAo
RX— 149 RX— 13 RX— 0
RX+ 3 RX+ 0 RX+ 23
Medium 171 ‘PA9 44 {PA 11 26{PA3
RX~— 159 RX— 33 RX—0
RX+ 0 RX+ 0 RX+ 15
High 48 {PAB 12 {PA 10 18'PA3
RX— 40 RX— 2 RX— 0

* Patients with normal lung scans, other disorders requiring
anticoagulation, or too unstable to undergo angiography excluded.

T RX+ = Patients treated with anticoagulation without referral
for puimonary angiography; PA = Patients referred for pulmonary
angiography; RX— = Patients not anticoagulated and not referred
for pulmonary angiography.

probability in 399 patients, intermediate probability in
90 patients, and high probability in 54 patients.

Among the 543 patients with low, intermediate, or
high probability lung scan results, 42 patients had other
disorders requiring anticoagulation (primarily deep ve-
nous thrombosis) and six patients were considered too
unstable to undergo pulmonary angiography. Manage-
ment assumptions made for the remaining 495 patients
are shown in Table 2, classified by the pretest and V/Q
scan probabilities of disease. Patients treated with anti-
coagulation without receiving pulmonary angiography
(RX+) were almost exclusively patients with high
probability V/Q scans regardless of the clinical esti-
mates; among all RX+ patients, 93% (41/44) had high
probability scans. Patients for whom the diagnosis was
uncertain and referred toangiography (PA) were found
in small numbers in many subgroups, but 53% (29/55)
were in patients with intermediate lung scans. Al-
though 38% (29/77) of all patients with intermediate
lung scans were referred for pulmonary angiography,
83% (10/12) of patients with high clinical pretest esti-
mates and intermediate lung scans had pulmonary an-
giography. The patients assumed not to have pulmo-
nary embolism (RX—) were 94% (348/371) of all
patients with low probability V/Q scans and 62%
(48/77) of all patients with intermediate V/Q scans.
No patient with a high probability V/Q scan was as-
sumed not to have pulmonary embolism.

The ability of the V/Q scan to influence manage-
ment is further illustrated in Fig. 1. In the figure the
proportion of patients treated for pulmonary embolism,
referred to pulmonary angiography or not treated for
pulmonary embolism are categorized by the V/Q result
and further classified by the clinical pretest estimate.
Figure 1 illustrates that the results of the V/Q scan
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MANAGEMENT ASSUMPTION
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FIGURE 1

Effect of lung scan result and pretest estimates on patient
management. PE Absent patients were not treated for pul-
monary embolism, PE Unsure patients were referred to
pulmonary angiography, and PE Present patients were treat-
ed for pulmonary embolism. Clear association of lung scan
result with patient management is demonstrated

dictated management strategies. High probability V/Q
scans resulted in most patients receiving anticoagula-
tion regardless of the clinical estimate of probability of
pulmonary embolism. Low and intermediate probabili-
ty lung scans resulted in most patients not receiving
anticoagulation except that considerable uncertainty
existed for patients with high pretest estimates and
intermediate V/Q scan results.

Among the 55 patients referred for pulmonary angi-
ography, satisfactory studies were obtained in 51 pa-
tients (three patients refused and one study was techni-
cally inadequate). The results classified by pretest
estimates and V/Q scan results are shown in Table 3.
The clinical pretest estimate did not appear to be relat-
ed to the results of the angiogram, whereas the V/Q
scan was able to a limited extent to separate patients
likely or unlikely to have a positive angiogram.

DISCUSSION

The present study demonstrates that lung scan inter-
pretations strongly influence patient management. Pa-
tients with high probability scans invariably receive
anticoagulation without further study while most pa-
tients with low or intermediate probability scans are not
treated and do not undergo pulmonary angiography.
Our results extend the observations of the Herlev Hos-
pital study group (8). In that study, lung scan results in
60 patients strongly affected clinical post-test probabil-
ities of disease although the initial interpretation of the
lung scan was biased by the clinical assessment making
it difficult to discern the contribution of the lung scan
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TABLE 3
Patients with Pulmonary Angiograms

Pretest Lung scan results
estimates Low Intermediate High Total (%)
Low 0/3* 4/8 — 4/11(36)
Medium 1/9 4/10 1/3 6/22 (27)
High 7 3/8 3/3 7/18 (39)
Total (%) 2/19(11)  11/26(42)  4/6 (67)

* Positive pulmonary angiogram/total in group.

by itself to post-test estimates of the likelihood of pul-
monary embolism.

Saenger et al. (13) compared two methods, logistic
regression and entropy minimax pattern detection (14),
to evaluate the efficacy of lung scans in 2,023 patients.
They found that the lung scan results significantly
influenced the referring physician’s consideration of
the probability of pulmonary embolism. Furthermore,
the lung scan results correlated with the therapeutic
management the patient received. The relative contri-
bution of clinical estimates of pulmonary embolism and
lung scan results on the physician’s decision to perform
pulmonary angiography or to administer or withhold
anticoagulation was not examined.

Considering the well-described uncertainty in the
interpretation of V/Q scans, the results of our study
suggest that physicians are using the lung scan to affect
patient management differently from what we had an-
ticipated. Management appears to have been dictated
primarily by the V/Q scan results without considering
the importance of the pretest estimate of disease (15) or
uncertainty in V/Q scan interpretation. Simply stated,
high probability scans are more likely to be falsely
positive in patients with low pretest estimates compared
with patients with high pretest estimates. Conversely,
low probability scans are more likely to be falsely nega-
tive in patients with high pretest probability compared
to patients with low pretest clinical estimates. In our
study, the clinician appears to have had little faith in
clinical estimates. While no single clinical symptom or
sign is both sensitive and specific for pulmonary embo-
lism, previous studies have shown that estimates of the
likelihood of pulmonary embolism can be based on
groups of signs and symptoms (10,16). In the patients
who had pulmonary angiography in our study, the pre-
test estimate of pulmonary embolism did not predict
patients who had positive pulmonary angiograms (Ta-
ble 3). Thus, it appears that reliable clinical pretest
estimates of pulmonary embolism were difficult to
make for physicians participating in our study. This
may reflect the difficulty in combining many signs and
symptoms to produce a single estimate of the likelihood
of disease.

Another finding of this study is that pulmonary angi-
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ography is infrequently used even when considerable
uncertainty exists about the diagnosis. Only 25% of
patients (11/44) with medium pretest estimates and
intermediate lung scan probabilities were referred for
pulmonary angiography. We believe that considerable
uncertainty also existed for other groups of patients and
yet pulmonary angiography was commonly performed
only for patients with high clinical pretest probabilities
and intermediate lung scan probabilities. In no other
subgroup was the frequency of pulmonary angiography
greater than 40%.

The reasons for our findings are unclear and will
require further study. The hazards of pulmonary angi-
ography may have been overestimated by the physician
or, conversely, the hazards of anticoagulation underes-
timated. The physicians may have underestimated the
uncertainty in lung scan interpretations, particularly in
the assumption that low probability scans were equiva-
lent to normal scans. It is also possible that during the
initial course of the patient’s evaluation, additional
clinical information may have been obtained and ap-
propriately used by the physician to modify the estimat-
ed likelihood of pulmonary embolism.
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