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A recent report! indicates an exceedingly high incidence
rate (73 percent) of negative pulmonary arteriograms
in patients with suspected pulmonary embolism. All of
these patients had a “suitable clinical history,” hy-
poxemia and positive perfusion scans. In view of this
apparent failure of clinical evaluation and noninvasive
tests, it was concluded that overdiagnosis and over-
treatment can be avoided only with wide use of pul-
monary arteriography. The clear implication was that
pulmonary embolism can be neither identified with
reasonable certainty nor excluded in a vast majority of
suspected instances unless pulmonary arteriograms are
performed. It was suggested that “the emperor has no
clothes.” We strongly disagree. We believe that the
clinical manifestations of pulmonary embolism are now
sufficiently recognizable to permit a correct presump-
tive diagnosis or a correct exclusion in a large majority
of patients. We believe that an incidence rate of 70 to
80 percent of negative pulmonary arteriograms in pa-
tients with suspected pulmonary embolism reflects a
serious underevaluation of the important clinical
manifestations of pulmonary embolism. Although the
signs and symptoms of pulmonary embolism are non-
specific, the manifestations, when considered as a group,
form a set of syndromes that are strongly suggestive.
Conversely, the absence of key clinical features is strong
evidence for exclusion. The purpose of this communi-
cation is to suggest that the clinical manifestations,
when carefully and fully evaluated, are sufficiently
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typical of acute pulmonary embolism to permit a judi-
cious selection of patients for pulmonary arteriography
and thus reduce the reported incidence of negative
pulmonary arteriograms.

Evaluation of Clinical Manifestations

The most typical diagnostic feature of acute pul-
monary embolism is the sudden and unexplained onset
of severe dyspnea. This single historical point is highly
suggestive of acute pulmonary embolism. The absence
of this symptom is a strong argument against the di-
agnosis. Hemoptysis and friction rub, which are mani-
festations of pulmonary infarction, are absent in more
than 70 percent of patients with acute pulmonary em-
bolism?2 and are more often absent with massive than
with submassive embolism.?

Deep venous thrombosis is a highly suggestive pre-
disposing factor because acute pulmonary embolism
is associated with thrombi of the lower limbs in the vast
majority of patients. Nevertheless, an absence of
symptoms or signs of deep venous thrombosis by no
means excludes the diagnosis because clinical mani-
festations of deep venous thrombosis are absent in more
than half of patients with massive acute pulmonary
embolism.2 However, factors that predispose to deep
venous thrombosis are almost invariably present.
Prolonged immobility, bed rest, congestive heart failure,
a recent operative procedure, chronic debilitating dis-
ease, fracture of the leg or pelvis, pregnancy, long au-
tomobile rides and oral contraceptive agents are pre-
disposing factors that are expected among the constel-
lation of factors necessary for a clinical diagnosis.? The
absence of predisposing factors is unusual, and when
this is the case, diagnosis of pulmonary embolism is in
question.

* Editbrials published by the Journal reflect the views of the authors and do not necessarily
represent the views of the Journal or of the American College of Cardiology.
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EDITORIALS

The respiratory rate in acute pulmonary embolism
is usually increased (greater than 16/min).>* A normal
respiratory rate decreases the likelihood that major
pulmonary embolism has occurred. The signs of acute
cor pulmonale, if present, are supportive of the diag-
nosis. These may include a prominent A wave visible in
the neck veins, a right ventricular impulse, a right
ventricular third or fourth sound and an accentuated
pulmonary component of the second heart sound. A
friction rub, if present, suggests the complication of
pulmonary infarction.

The chest roentgenogram is strongly suggestive of
pulmonary embolism if it is normal in a severely dys-
pneic patient. A dome of the diaphragm may be ele-
vated. A localized radiodensity may represent pulmo-
nary infarction, and a small effusion may accompany
the infarction. Large pleural effusions are rare in
pulmonary embolism and suggest another disease
process.

The electrocardiogram may be strongly supportive
of the clinical diagnosis of acute pulmonary embolism.
The most frequent abnormality is a nonspecific change
of the S-T segment or T wave that occurs in more than
40 percent of patients with massive or submassive acute
pulmonary embolism.5 Even minor changes of the S-T
segment or T wave are supportive of the diagnosis. A
normal electrocardiogram is uncommon in acite pul-
monary embolism and is found in only 6 percent of pa-
tients with massive pulmonary embolism and 23 percent
with submassive embolism.5? Complete right bundle
branch block, right axis deviation, an S;QsT3 pattern
or P pulmonale occurs in approximately one third of
patients with massive or submassive pulmonary em-
bolism.? Left axis deviation is found as frequently as
right axis deviation in acute pulmonary embolism, and
therefore does not exclude the dlagn081s 5

The partial pressure of oxygen in arterial blood, if
it is low, is evidence in favor of pulmonary embolism.®
It is not generally recognized, however, that the partial
pressure of oxygen in the arterial blood of elderly
subjects is often low. Normal arterial oxygen levels may
occur in patients with submassive pulmonary embolism
and rarely in patients with massive embolism.

A negative nuclear lung scan excludes the diagnosis
of clinically important pulmonary embolism. In a pa-
tient free of cardiac or pulmonary disease, an abnormal
perfusion lung scan is strongly suggestive of pulmonary
embolism. However, many disorders can cause abnor-
malities of pulmonary perfusion. These include chronic
obstructive pulmonary disease, pneumonia, asthma,
atelectasis, pulmonary congestion, mitral stenosis (even
in the absence of chest X-ray evidence of pulmonary
congestion), lung resection, carcinoma of the lung,
pulmonary arteriovenous fistula, pleural effusion, and
no doubt others. A perfusion scan that shows multiple
segmental defects in regions that are normal in a ven-
tilation scan greatly increases the probability of pul-
monary embolism.”

Faithful and understanding evaluation of the signs,
symptoms, predisposing factors and plain chest roent-
genograms, in combination with the prudent use of ar-

terial oxygen levels and lung scans, permits one to es-
tablish a diagnosis of pulmonary embolism with rea-
sonable assurance in many patients. Conversely, the
absence of important clinical manifestations, particu-
larly sudden unexplained dyspnea, makes the diagnosis
of acute pulmonary embolism unlikely. What, then, is
the role of pulmonary arteriography?

Role of Pulmonary Arteriography

Indications: Pulmonary arteriography is useful to
verify the diagnosis of pulmonary embolism in patients
who have clear clinical manifestations of the syndrome.
The risks of treatment with thrombolytic agents, infe-
Tior vena caval interruption and pulmonary embolec-
tomy are sufficient to require that the diagnosis be
firmly established before the initiation of therapy; and
arteriography is the most definitive diagnostic proce-
dure. In patients with clear clinical manifestations and
an abnormal lung scan in the absence of cardiac or
pulmonary disease, it is reasonable to treat with anti-
coagulant agents without performing pulmonary arte-
riograms. If invasive or thrombolytic therapy is con-
templated, then pulmonary arteriography is mandatory.
If the diagnosis is questionable after careful evaluation
of the clinical manifestations, then arteriography is
indicated. On the other hand, if the clinical manifesta-
tions do rot suggest pulmonary embolism, as, for ex-
ample, the gradual exacerbation of dyspnea in a patient
with chronic obstructive pulmonary disease, then pul-
monary arteriography is not indicated.

Errors in interpretation: Even though pulmonary
arteriography is the most definitive diagnostic proce-
dure, it too is subject to errors of interpretation that
relate to technique as well as to the time of occurrence
of embolism relative to the arteriogram. Thromboem-
boli undergo lysis and fragmentation, but the time re-
quired for resolution is not clearly established. In dogs
with pulmonary embolism induced with freshly formed
clots, considerable lysis and fragmentation occurred
within 24 hours.? In patients, noticeable resolution has
been observed within 24 hours and complete resolution
of massive thromboemboli has been observed within 2
weeks.? Therefore, pulmonary arteriograms obtained
within days after the onset of symptoms would be of the
most assistance in reaching a correct diagnosis. When
performed after a long delay, the pulmonary arterio-
gram is likely not to be diagnostic.

Demonstration of small pulmonary emboli:
Thromboemboli that are too small to occlude major
branches of the pulmonary artery frequently cannot be
visualized clearly after an injection in the main pul-
monary artery. Selective injections in the right or left
pulmonary artery are necessary in this situation. If vi-
sualization remains unclear, injection in distal segments,
sometimes using cineangiography rather than cut films,
may be helpful.l® To demonstrate very small emboli,
wedge arteriograms may be useful. With this technique,
pulmonary emboli in vessels less than 2 mm in diameter
have been demonstrated.!! Thus, the yield from pul-
monary arteriography relates to the persistence of the
arteriographer, the selectivity of injections and the
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quality of the filming technique. For satisfactory pul-
monary arteriography, the patient must be able to re-
main immobile and withstand the discomfort of a suf-
ficient number of injections to allow complete definition
of the arteriographic features. In patients with massive
pulmonary embolism, the diagnosis can be established
from arteriograms obtained during the first injection
in the main pulmonary artery. In contradistinction, in
patients with symptomatic pulmonary disorders of
other etiology, in whora an effort is being made to ex-
clude associated but unlikely pulmonary embolism,
multipleiselective and superselective injections may be
required.

Risks: The risk of pulmonary arteriography is low (2
to 4 percent morbidity).%12 Nevertheless, pulmonary
arteriography, in our judgmerit, should not be used to
“rule out” pulmonary embolism when clinical assess-
ment may suffice. A physician must not feel obligated
to perform a pulmonary arteriogram to exclude pul-
monary embolism that is improbable on the basis of the
clinical presentation. The yield of useful information
under such circumstances is low and the complexity and
associated discomfort of an extended procedure
searching for minute emboli lead to an increased and
unjustified risk of morbidity from the procedure.

EDITORIALS

The presence of a localized and otherwise unex-
plained perfusion defect in the lung scan of a patient
with prominent pulmonary disease does not in our
judgment invalidate the clinical evaluation of the pa-
tient. Numerous injections of contrast material would
be required to arrive at a negative arteriographic diag-
nosis in such patients. Nonspecific arteriographic ah-
normalities, such as an absence of fine branching, and
regional hypoperfusion are of no value in the presence
of preexisting pulmonary disease.l> An important
practical issue is that the patient, ill from another active
disease process, often cannot be sufficiently caoperative
to undergo the numerous injections necessary for an
adequate examination.

Conclusions

In our judgment, pulmonary arteriography should not
be used to exclude pulmonary embolism when the
clinical manifestations can reasonably exclude the di-
agnosis. We suggest that there are clinical manifesta-
tions of pulmonary embolism upon which one may rely
with enough assurance to permit a judicious selection
of patients for pulmonary arteriography and therehy
reduce the prevalence of negative pulmonary arterio-
grams with their attendant morbidity.
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