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R udolf Virchow, the brilliant 19th century pathol-
ogist, was the first to recognize that blood clots
in the pulmonary artery originate as venous thrombi.
He stated: “The detachment of larger or smaller
fragments from the end of the softening thrombus
which are carried along by the current of blood and
driven into remote vessels. This gives rise to the very
frequent process on which I have bestowed the name
of Embolia.™

All discussions of the pathogenesis of deep venous
thrombosis (DVT) begin with Virchow’s triad as
follows: hypercoagulability; stasis; and injury to the
vessel wall.2 If one examines the commonly accepted
risk factors for venous thromboembolism (VTE),34
nearly all fall into one or more of these categories, as
shown in Table 1.

The most important risk factor for VTE is inher-
ited or acquired hypercoagulability. The first three
inherited coagulopathies to be discovered (anti-
thrombin IIT deficiency,? protein C deficiency,® and
protein S deficiency®) are uncommon in the general
population and are infrequent in patients with VTE
(2 to 5%).
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However, as shown in Table 2, the five most
recently discovered hypercoagulable states are far
more frequent in the general population. Hyperco-
agulable states are now recognized in >25% of
patients with VTE.” The incidence of hypercoagula-
ble states is even higher in patients with idiopathic
VTE and in patients with recurrent VTE.®

With time, we will discover additional genetic
defects that lead to hypercoagulability, such that the
majority of patients with VTE will be found to have
a hypercoagulable state. The commonly accepted
risk factors for VTE (Table 1) act as precipitants of
VTE in patients who have an underlying hypercoag-
ulable state. For example, a 1995 study® demon-
strated that women with inherited clotting defects
have a 9-fold to 19-fold increase in VTE if they use
oral contraceptive agents.

If these speculations are correct, the detection of a
hypercoagulable state!©-15 could lead to a more
focused approach to VTE prophylaxis. Prophylaxis
would be directed to those patients with hyperco-
agulability when they are exposed to one of the
precipitants of (ie, risk factors for) VTE, such as
surgery, trauma, cancer, and pregnancy.

Even better, it might be possible to utilize gene
therapy or other procedures to permanently eliminate
the hypercoagulable state. If this were to be possible,
the incidence of VTE could be decreased markedly,
saving thousands of lives, and saving millions of dollars
that currently are spent for the diagnosis and treatment
of VTE. Further review articles on pulmonary embo-
lism might not be needed.

NATURAL HisTOrYy OoF DVT

In a landmark article in 1969, Kakkar et al'6
delineated the natural history of VTE in patients
undergoing surgery without prophylaxis. The fibrin-
ogen uptake test was utilized to detect postoperative
DVT in 132 patients. DVT, confirmed by venogra-
phy, occurred in 40 patients (30%). DVT began in
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Table 1—Risk Factors for VTE

Risk Factors* Hypercoagulability ~ Stasis ~ Trauma

Previous VTE 17
Major surgery

Cancer 17
Obesity

Trauma

Fracture (hip or leg)

Pregnancy I

X\

Myocardial infarction
Congestive heart failure
Stroke
Estrogen therapy I
Prolonged
immobilization

Y Y YYYYY XX\

Burns

*From Anderson et al.3

the calf in the majority of patients, and thrombi lysed
spontaneously in 14 of the 40 patients. Of the
remaining 26 patients, the thrombi remained in the
calf and did not extend into the popliteal or femoral
veins in 17 patients. In nine patients, the thrombi
extended into the popliteal or femoral veins, and
pulmonary embolism occurred in four of these nine
patients. These findings were subsequently con-
firmed by additional studies. We now recognize that
the risk of fatal pulmonary embolism is dependent
on the risk of calf vein thrombosis. Without treat-
ment, approximately 20 to 25% of calf vein thrombi
extend into the popliteal and femoral veins, causing
proximal DVT. Without treatment, approximately
half of patients with proximal DVT develop pulmo-
nary embolism as shown in Table 3.17

NATURAL HISTORY OF PULMONARY EMBOLISM

In a study from the Dexter Laboratory in 1975, the
annual incidence of pulmonary embolism per year in

Table 2—Inherited and Acquired Hypercoagulable

States™
Prevalence Prevalence
in General in Patients
Variable Population With VTE
Protein C deficiency 0.1-0.3 2-5t
Protein S deficiency 0.31 21
Antithrombin IIT deficiency 0.5 1t
Factor V Leiden 4-6 20-25
Prothrombin G-A%"*' gene 2§ 8§
variant
1 Factor XI (> 90th 10 19
percentile)
1 Factor VIII (> 1,500 TU/L) 11 25
Hyperhomocystinemia 5 12

*Values given as %.

tFrom Dahlback.1©

{From Thomas and Roberts.?
§From Margaglione et al.12
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Table 3—Probability of VTE Without Prophylactic

Therapy*

Variable Acute MI Hip Fracture
DVT of calf veint 25 60
Proximal DVT} 5 12
PE 2-3 6

*Values given as No. of cases per 100 patients. MI = myocardial
infarction; PE = pulmonary embolism.

tOf these patients, 20% progress to proximal DVT.

1Of these patients, 50% develop PEs.

the United States was estimated to be 630,000. It
estimated that pulmonary embolism is the major cause
of 100,000 deaths, and contributes to 100,000 other
deaths in patients with serious coexisting diseases such
as heart disease and cancer.!8

As shown in Figure 1, we estimated that 11% of
patients with acute pulmonary embolism die within
1 h and, therefore, do not receive therapy. Of the
563,000 patients who survive at least 1 h, the diag-
nosis is established and treatment is initiated in only
29%. Most of these patients (92%) survive. The
majority of deaths occur among the 400,000 patients
in whom pulmonary embolism is not diagnosed or
treated. Of the 200,000 patients who die of pulmo-
nary embolism, only 13,000 die because of a lack of
response to treatment. The vast majority of patients
(187,000) die because of a failure of diagnosis.

In re-examining these estimates 25 years later,
what would we change? The mortality rate of pa-
tients treated for pulmonary embolism has decreased
from 8%'9 to < 5%.202! The number of patients in
whom pulmonary embolism is diagnosed and treated
is an important variable in these estimates. Our 1975
estimate of 163,000 cases!'® is consistent with an
estimate of 197,000 patients discharged from the
hospital with a diagnosis of pulmonary embolism in
1975 by Gillum.2> He reported a marked decrease
(40%) to 120,000 cases in 1985. It is unlikely that the
percentage of patients dying of massive pulmonary
embolism within 1 h has changed, and there are no
studies to indicate that the percentage of patients
with pulmonary embolism who receive a diagnosis
and are treated has changed.

The principal point of the report'® was that the
majority of deaths due to pulmonary embolism (ie,
> 90%) occur in patients who are not treated be-
cause the diagnosis is not made. Less than 10% of all
pulmonary embolism deaths occur in patients in
whom treatment is initiated. Improved treatment
will have a minimal impact on the number of deaths
due to pulmonary embolism. Improved diagnosis,
and most importantly, more effective prevention of
DVT present the greatest opportunities to prevent
fatal pulmonary embolism.
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Incidence of Pulmonary Embolism Per Year in the United States

Total Incidence

630,000
89% 1%
Survival > 1 hour Death within 1 hour
563,000 67,000
71% 29%
Diagnosis not made Diagnosis made
400,000 therapy instituted
163,000
70% 30% 92% 8%
Survival Death Survival Death
280,000 120,000 150,000 13,000

Progress in Cardiovascular Diseases, Vol. XVII, No. 4 (January/February), 1975

FIGURE 1. Of an estimated 200,000 deaths per year in the United States, only 13,000 (6%) occur in
patients who have received treatment. The vast majority of patients (94%) who die of pulmonary
embolism do not receive treatment because the diagnosis is not made. Reproduced with permission by

Dalen and Alpert.'s

DiagNosis oF DVT

The clinical diagnosis of DVT is unreliable be-
cause the majority of patients with DVT are asymp-
tomatic and do not have clinical findings. In the
Prospective Investigation of Pulmonary Embolism
Diagnosis (PIOPED) study?® of 251 patients with
angiographically documented pulmonary embolism,
only 11% had evidence of DVT by physical exami-
nation. The two most common findings, edema and
calf tenderness, are not specific for DVT. The most
specific finding, unilateral leg edema, occurs in
< 10% of patients.?* Objective tests are required for
the accurate diagnosis of DVT.

A landmark article by Rabinov and Paulin® in
1972 described a technique for venography of the
lower extremities that reliably visualizes the venous
system of the lower extremities. DVT can be recog-
nized by the presence of constant filling defects,
abrupt cutoffs, nonfilling of the entire deep system,
or portions thereof, and/or demonstration of collat-
eral flow.

Venography became the “gold standard” for the
diagnosis of DVT just as selective pulmonary angiog-
raphy became the “gold standard” for the diagnosis
of pulmonary embolism. As in the case of pulmonary
angiography, venography is an invasive procedure
that is not readily available at all hospitals. A number
of noninvasive tests for DVT have been developed
that have been validated by comparison to venogra-

phy, the “gold standard.”
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Hull et al?6 compared the results of 1251 fibrinogen
scanning and impedance plethysmography to venog-
raphy in 219 patients with suspected DVT. The
results of one or both tests (ie, '*I fibrinogen
scanning and impedance plethysmography) were
positive in 94% of patients who had positive
venogram findings. The results of both tests were
negative in 91% of patients with negative venogram
findings.

Compression ultrasonography has been found to
be an accurate method with which to detect proximal
DVT. In a review of five studies comparing the
results of compression ultrasonography to venogra-
phy in 475 patients, Polak®” reported a sensitivity of
95.2% and a specificity of 98.6%. Compression
ultrasonography is less sensitive in detecting DVT
below the knee, and its sensitivity has been reported
to be only 62% in patients with silent DVT.25

The ability to reliably diagnose asymptomatic DVT
by venography or a noninvasive test has had the
following benefits:

1. The demonstration that most patients with
pulmonary embolism have associated DVT has
helped to clarify that DVT and pulmonary
embolism are manifestations of the same dis-
ease (VTE).

2. It has defined which patients with suspected
DVT require therapy and which do not.

3. Follow-up studies have led to a better under-
standing of the natural history of DVT.
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4. In patients with suspected pulmonary embo-
lisms in whom lung scan findings have been
inconclusive, the determination of the presence
or absence of DVT helps to determine which
patients require therapy.

CLINICAL RECOGNITION OF PULMONARY
EMBOLISM

Virchow’s!' only mention of the clinical findings in
cases of pulmonary embolism was that “in the case of
very large fragments even the principal trunks of the
pulmonary artery are blocked up and instantaneous
asphyxia occurs.”

It is well-recognized that the signs and symptoms
of pulmonary embolism are nonspecific and that, as
a result, the clinical recognition of pulmonary embo-
lism is notoriously inaccurate. The lack of sensitivity
of the clinical diagnosis of pulmonary embolism is
evident from postmortem studies®® demonstrating
that the majority of cases of pulmonary embolism
detected postmortem were not diagnosed (or
treated) prior to death. The sensitivity of the clinical
recognition of pulmonary embolism could be as low
as 25%, as shown in Figure 1. Of an estimated
630,000 patients per year who have pulmonary em-
bolism, the diagnosis was made and treatment initi-
ated in only 163,000 patients (25%).

The lack of specificity of the clinical diagnosis
became evident when pulmonary angiography be-
came available as a “gold standard” for the diagnosis
of pulmonary embolism during life. An early report3°
from the Dexter Laboratory in 1971 noted that the
diagnosis of acute pulmonary embolism was con-
firmed in only 45% of 247 patients undergoing
pulmonary angiography for suspected pulmonary
embolism. A later report from the PIOPED Study??
noted that the clinical diagnosis of pulmonary embo-
lism was confirmed in only 33% of 755 patients
undergoing pulmonary angiography.

In the PIOPED report,?? clinicians were asked to
rate the probability of pulmonary embolism prior to
obtaining a ventilation/perfusion (V/Q) scan or pul-
monary angiography. They rated the probability of
pulmonary embolism to be 80 to 100%, 20 to 79%, or
0 to 19%. As shown in Table 4, when the clinical
suspicion of pulmonary embolism was very high (ie,
80 to 100% probability), most patients (68%) did
have pulmonary embolism. When the clinical suspi-
cion was very low (ie, <20% probability), few
patients (9%) had pulmonary embolism. However,
pulmonary embolism was very strongly suspected in
only 10% of the cases, and the suspicion of pulmo-
nary embolism was very low in only 26%. In the
majority of cases (64%), the clinical probability was
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Table 4—Clinical Diagnosis of Pulmonary Embolism
vs Angiographic Diagnosis*

PE Documentation
Clinical Probability of PE

e 1
Prior to V/Q Scan or Clinical Pulmonary
Pulmonary Angiography Diagnosis Angiography
80-100 10 68
20-79 64 30
0-19 26 9

*Values given as %. See Table 3 for abbreviations not used in the text.

judged to be uncertain (20 to 79%). The incidence of
pulmonary embolism was 30% in those with an
uncertain clinical diagnosis of pulmonary embolism.
Of the 251 patients with angiographically docu-
mented pulmonary embolism, the clinical suspicion
of pulmonary embolism had been high (ie, 80 to
100%) in only 61 patients (24%).2> Two algorithms
that have been described for the clinical diagnosis of
PE3031 result in a larger number of patients with low
pretest probability of PE (49%3! and 57%32) com-
pared to the PIOPED report,?® in which only 26% of
patients had a low clinical probability of PE. How-
ever, the percentage of patients with a high proba-
bility of PE was not improved (6%>' and 7%%2)
compared to a probability of 10% in the PIOPED
study.?

The percentage of patients with confirmed PE in
these two reports®!32 who had a high pretest prob-
ability of PE was 17% in the report by Wells et al3?
and 28% in the report by Wicki et al,?' compared to
24% in the PIOPED report.2* These two algorithms
help to exclude the diagnosis of PE, but they have
not improved the pretest identification of patients
with confirmed PE.

One reason for the inaccuracy of the clinical
diagnosis of pulmonary embolism is the fact that
pulmonary embolism can present as three different
syndromes (pulmonary infarction, acute cor pulmo-
nale, or acute unexplained dyspnea).3! These three
syndromes are quite different in their clinical pre-
sentation, and each syndrome has distinct clinical

and laboratory findings.

SYNDROMES OF ACUTE PULMONARY EMBOLISM

Pulmonary Infarction/Hemorrhage

Virchow* was the first to note that pulmonary
embolic obstruction can lead to pulmonary infarc-
tion, which is defined as the necrosis of lung tissue
distal to the site of embolic obstruction. He was also
the first to note that pulmonary embolism can occur
without resultant pulmonary infarction.?* Cohnheim
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and Litten3® in 1875 were the first to demonstrate
experimentally that embolism can cause pulmonary
infarction.

Which Pulmonary Embolism Patients Develop
Pulmonary Infarction?

Pathologic studies in the late 19th and in the 20th
century reported that pulmonary infarction was a
rare complication of pulmonary embolism in the
absence of passive congestion of the lungs. Experi-
mental studies by Karsner and Ash in 191236 dem-
onstrated that embolism of a healthy lung does not
cause “true” infarction. That is, necrosis of the
alveolar walls did not occur unless pulmonary venous
pressure was increased by ligation of the pulmonary
vein of the lobe that has been embolized. However,
the authors noted that emboli to a healthy lung lead
to intra-alveolar hemorrhage without necrosis.

Chapman et al in 194937 used autologous blood
clots to induce pulmonary embolisms in dogs. As
with Karsner and Ash,36 they found that pulmonary
embolism did not lead to necrosis of lung tissues in
dogs with healthy lungs. However, if the dogs were
pretreated with a-naphthylthiourea, an agent that
causes pulmonary congestion and edema, true in-
farction with alveolar necrosis occurred.

Hampton and Castleman,? in their pioneering
studies reported in 1940 correlating postmortem
chest radiographs with autopsy findings in 400 pa-
tients, were the first to describe “incomplete pulmo-
nary infarction,” that is, intra-alveolar hemorrhage
without necrosis of the alveolar walls. They noted
that this is the most frequent finding in the first 2
days of infarction. After 2 days, necrosis of the
alveolar walls begins and leads to true pulmonary
infarction, which leads to an organized healed scar.

Hampton and Castleman® noted that incomplete
infarction may cause a roentgen shadow that disap-
pears completely in 2 to 4 days, which is consistent
with resolution of the intra-alveolar hemorrhage
instead of the organization of the lesion. They con-
cluded that pulmonary infarction begins as incom-
plete infarction, that is, a hemorrhage without ne-
crosis. In patients with healthy lungs, the infarction
remains incomplete and resolves, and the pulmonary
infiltrate disappears. In patients with congestive
heart failure, the infarction goes on to necrosis,
resulting in true pulmonary infarction with a scar
and persistent radiograph findings. The authors
also noted that patients with incomplete infarction
without coexistent heart disease were unlikely to
die, and therefore were less likely to be examined
at postmortem.

The findings and observations of Hampton and
Castleman?s help to explain the discrepancy between
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pathologists and clinicians with regard to whether
pulmonary infarction can occur in patients without
prior heart disease.

A study from the Dexter Laboratory? evaluated
the signs and symptoms of pulmonary infarction in
patients with acute pulmonary embolism docu-
mented by pulmonary angiography. They defined
pulmonary infarction as the presence of an infiltrate
(as determined by radiograph) and pleuritic pain in
an area of the lung with angiographically docu-
mented pulmonary embolism. Forty-one of 124 pa-
tients (33%) with documented pulmonary embolism
met this clinical definition of pulmonary infarction.
Only 18 of these 41 patients had associated heart
disease. The majority of the 41 patients with pulmo-
nary infarction had submassive pulmonary embolism
with obstruction of the distal branches of the pulmo-
nary circulation.

Follow-up chest radiographs in these patients with
clinical evidence of pulmonary infarction were quite
different in those who did or did not have associated
heart disease. In 14 patients with prior heart disease,
the infiltrate cleared within 7 days in only one patient
and persisted for more than 2 weeks in nine patients.
In the 23 patients without associated heart disease,
the infiltrate cleared within 1 week in 10 patients and
persisted for more than 2 weeks in only three
patients. These findings support the observations of
Hampton and Castleman®s with regard to incom-
plete infarction. The pleuritic pain, hemoptysis, and
pulmonary infiltrate are due to pulmonary hemor-
rhage (ie, intra-alveolar hemorrhage). In patients
without heart disease with normal pulmonary venous
pressure, the hemorrhage resolves, the pulmonary
infiltrate disappears, and true pulmonary infarction
with necrosis of lung tissue does not occur. These
patients with submassive pulmonary embolism rarely
die and therefore are not examined by pathologists.
In patients with prior heart disease, especially those
with congestive heart failure, the pulmonary hemor-
rhage progresses to infarction with the necrosis of
lung tissue. The pulmonary infiltrate persists as the
infarction undergoes organization. The patients with
coexistent heart disease are more likely to die of
submassive pulmonary embolism, and therefore are
more likely to be studied postmortem.

The angiographic evidence of submassive embo-
lism with obstruction of subsegmental branches of
the pulmonary circulation, as opposed to obstruction
of the central pulmonary circulation, in patients with
pulmonary infarction is consistent with Virchow’s
observation that ligation of the main right pulmonary
artery does not lead to pulmonary infarction.?> Osler
noted in 1899 that “It is not infrequent to find total
obstruction of a large branch of a pulmonary artery
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without hemorrhage.” In 1909, he noted: “In cases
where small blood vessels are obstructed, infarction
results” 41

What Are the Clinical Signs of Pulmonary
Infarction?

The pathologic findings in patients with pulmo-
nary infarction were well-described by Osler in
1899,%° but the associated clinical findings were not
well-described. Osler stated the following: “The
symptoms (of pulmonary infarction) are by no means
definite, but it may be suspected in chronic heart
disease when hemoptysis occurs, particularly in mi-
tral stenosis.” He also stated that with large infarcts
there may be signs of consolidation.*"

Steell*! described the clinical findings of pulmo-
nary infarction in great detail in 1906. He described
hemoptysis, pleuritic chest pain, a pleural friction
rub, and signs of consolidation and small pleural
effusions. He distinguished these clinical findings
from those of massive, central embolism in which the
patient “is seized unexpectedly with intensive dys-
pnea and intrathoracic distress.”

Massive Pulmonary Embolism/Acute
Cor Pulmonale

Virchow! clearly distinguished massive pulmonary
embolism from submassive pulmonary embolism.
He noted the following: “Into the pulmonary artery
the introduced fragments of thrombus of course
penetrate to different depths according to their
size. . . . In the case of very large fragments even the
principal trunks of the pulmonary artery are blocked
up and instantaneous asphyxia ensues.”

Osler’s discussion*® of pulmonary embolism in
1899 described pulmonary infarction in detail but
did not mention massive pulmonary embolism.

Steell*! in 1906 described pulmonary infarction
and also described pulmonary embolism presenting
as “unexpected intensive dyspnea and intrathoracic
distress of indefinite character.” He noted that “such
dyspnea, if survived, is apt to subside.”

MacKenzie*? in 1908 described pulmonary infarc-
tion and noted that, in other patients, pulmonary
embolism causes “intensive dyspnea with gradual
loss of consciousness.” He noted that these patients
may survive.

The term acute cor pulmonale was introduced by
McGinn and White#> in 1935. They described nine
cases of massive pulmonary embolism in which the
diagnosis was confirmed postmortem or by pulmo-
nary embolectomy. They described shock and col-
lapse accompanied by dilatation of the pulmonary
artery and the right heart chambers. Engorgement of
the neck veins was noted in each case and was seen
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as “direct evidence of increased venous pressure
resulting from failure of the right side of the heart.”
They used the term acute cor pulmonale to distin-
guish it from chronic cor pulmonale due to progres-
sive enlargement of the right side of the heart
secondary to various pulmonary diseases. Their ob-
servation that shock and cardiovascular collapse due
to pulmonary embolism were due to a massive,
central embolism was consistent with the early ex-
perimental studies of Haggart and Walker,** who
studied the physiology of pulmonary embolism by
clamping the pulmonary arteries of cats. They re-
ported that clamping the main left pulmonary artery
causes an increase in pulmonary artery pressure but
no change in systemic BP. Systemic pressure re-
mained normal until they had occluded 52 to 66% of
the pulmonary circulation.**

In seven of the nine cases reported by McGinn
and White,*> ECGs were performed. Five patients
underwent ECGs within 24 h of the acute attack.
The authors reported that they were “notable be-
cause of their similarities.” They described the pat-
tern that we currently term S,Q5T5. Repeat ECGs in
two patients that were made after recovery showed a
complete disappearance of the ECG changes.

The hemodynamic and angiographic correlates of
acute cor pulmonale were studied in the Dexter
Laboratory over a 10-year period. Nearly all patients
suspected of having acute pulmonary embolism un-
derwent right heart catheterization and pulmonary
angiography.*> In patients without prior heart dis-
ease, it was noted that, even in the face of massive
pulmonary embolism, their pulmonary artery systolic
pressure rarely exceeded 50 to 60 mm Hg. In
patients with massive pulmonary embolism as docu-
mented by pulmonary angiography, right atrial pres-
sure was increased to 10 to 22 mm Hg. Cardiac index
was normal or above normal, except in patients with
acute cor pulmonale (ie, those patients had elevated
right atrial pressure) [Fig 2]. Hypotension was
present in patients with reduced cardiac index and
right heart failure (ie, elevated mean right atrial
pressure). These hemodynamic and angiographic
findings*> are consistent with the clinical observa-
tions of McGinn and White.*> When massive pulmo-
nary embolism occurs in a patient without prior heart
or lung disease, the right ventricle can generate
pressure up to 50 to 60 mm Hg. At that point, the
right ventricle dilates, and the right ventricular end-
diastolic pressure (and mean right atrial pressure)
increase. Right ventricular stroke volume decreases,
cardiac output decreases, and hypotension occurs, as
is shown in Table 5. Follow-up studies in these
patients with acute pulmonary embolism demon-
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FIGURE 2. Hemodynamic findings in 29 patients with angio-
%rraphically documented acute pulmonary embolism who did not
have prior heart or lung disease. Note that each of the five
patients with Xpotenslon (circled dots) had a cardiac index of
< 2.0 L/min/m* and evidence of right heart failure (mean right
atrial pressure, =10 mm Hg). Reprinted with permission by
Dalen et al.45

strated that as the degree of embolic obstruction
decreases, right heart pressures return to near-
normal levels.45

Acute Unexplained Dyspnea

The syndrome of pulmonary infarction is seen in
approximately 50 to 60% of patients with docu-
mented pulmonary embolism, and the syndrome of
acute cor pulmonale is present in an additional 10 to
15% of patients.?3

The recognition of pulmonary embolism in the
absence of pulmonary infarction or acute cor pulmo-
nale represents a significant challenge. We have used
the term acute unexplained dyspnea because these

Table 5—Acute Cor Pulmonale*

Massive acute PE

I

Acute right ventricular failure

Stroke volume decrease

I

Cardiac output decrease

I

Hypotension
s ) N

Syncope, cardiac arrest, or recovery

* |, = Leads to. See Table 3 for abbreviations not used in the text.

1446

patients usually present with acute dyspnea. Pulmo-
nary angiography demonstrates submassive pulmo-
nary embolism that is insufficient to cause acute cor
pulmonale but is sufficient to cause dyspnea.

Physical examination demonstrates tachypnea and
usually tachycardia. The only other positive physical
findings may be signs of DVT, as is the case in other
patients with pulmonary embolism. The chest radio-
graph and ECG findings are normal.

The principal initial differential diagnosis includes
congestive heart failure and pneumonia, which are
excluded by further history, physical examination,
and the results of a chest radiograph. Given the lack
of findings other than acute dyspnea and tachypnea,
hyperventilation may be suspected. The key labora-
tory test in this setting is arterial blood gas analysis.
The findings of hypoxemia and hypocapnia quickly
distinguish pulmonary embolism from the hyperven-
tilation syndrome.

DiAGNOSTIC TESTS FOR PULMONARY EMBOLISM

As noted, the accuracy of the diagnosis of pulmo-
nary embolism based on history and physical exam-
ination alone is notoriously low. However, signs and
symptoms alert the clinician to suspect pulmonary
embolism, and, once pulmonary embolism is sus-
pected, there are a variety of diagnostic tests avail-
able to help clarify the diagnosis, as shown in Table
6. The sensitivity and specificity of these tests are
quite variable, as will be discussed.

Chest Radiograph

Although the majority of patients with pulmonary
embolism have an abnormal findings on chest radio-
graphs, the most frequent abnormalities (ie, pleural
effusion, pleural-based opacity, elevated hemidia-
phragm, atelectasis, and consolidation) are nonspe-
cific.46

In a landmark article on the roentgen diagnosis of
lung embolism, Westermark?*” stated the following:
“The roentgenologic diagnosis of embolism of the
pulmonary artery is very difficult particularly in cases
without infarction.” Westermark was perhaps the
first to differentiate the radiograph findings in pa-
tients with infarctions from those without. He re-
ported the radiograph findings in 26 patients with
autopsy-proven pulmonary embolism. Ten of the 26
patients had pulmonary infarction. The predominant
radiograph finding in those with infarction was the
presence of a “wedge-shaped shadow.” Infarctions
had been described earlier by Kohlman*® as a “tri-
angular or rounded massive shadow.”

Westermark*” pointed out that most patients with
pulmonary embolism do not have a pulmonary in-
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Table 6 —Diagnostic Tests for PE

Tests Initial Report Confirming Report*

Kohlman,48 1924
Westermark 47 1938

ECG McGinn and White 43 1935
Durant et al,30 1939

Robin et al,33 1960

Robb and Steinberg,>” 1939
Aitchison and McKay,% 1956
Wagner et al,®> 1964

Wilson et al,5° 1971

Steckley et al,™ 1978

Chest radiograph Hampton and Castleman,?® 1940
Szucs et al,3! 1971

Szucs et al5! 1971
Williams et al,6! 1963

Arterial blood gases
Pulmonary angiography

Fred et al,57 1966
Rickman et al, 7 1973
Kasper et al,™ 1980

Lung scans
FSP/D-dimer
Echocardiography

Chest CT scan Sinner,2 1978

Remy-Jardin et al, % 1992

*Confirmed by pulmonary angiography or postmortem examination.
Y ) y

farction, especially patients without “manifest stasis
of the pulmonary veins” or defects of the mitral
valve.

In patients without infarction, Westermark noted
“anemia” (oligemia) of the lung area corresponding
to the embolized arterial branch. He noted that “in
the case of larger emboli, a whole lobe or an entire
lung may be anemic.” These areas of decreased
pulmonary vascularity have been termed Wester-
mark sign. In a series of 383 patients with angio-
graphically proven pulmonary embolism reported by
Stein et al,*6 only 6% had Westermark sign. The
contribution of Westermark was his observation that
the wedge-shaped shadow only occurred in patients
with pulmonary embolism complicated by infarction.

The definitive study of radiograph findings in
patients with pulmonary infarction was presented in
the landmark article by Hampton and Castleman? in
1940. They performed postmortem radiographs and
compared the findings with those obtained during
postmortem examinations. They found a nearly 1:1
relationship between the findings of the pathologist
and those of the radiograph. The radiographic ap-
pearance of an infarct is a shadow or density corre-
sponding to the lung segment involved. The shadow
or density is always in contact with one or more
pleural surfaces. The cardiac margin of the consoli-
dation was noted to be sharp in outline and convex or
hump-shaped. At this early stage, the infarction is
hemorrhagic or incomplete. In patients without
heart disease, the incomplete infarction may heal
without scarring. In patients with pulmonary conges-
tion, the infarction may pass through a healing phase,
finally ending in the formation of a scar. As the
healing occurs, the infarction may produce a sharp,
dense line, a linear shadow that by radiograph may
be confused with plate-like atelectasis.*”

These landmark studies by Westermark*” and
Hampton and Castleman3® remain our best de-
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scriptions of the radiograph findings in pulmonary
embolism patients with and without pulmonary
infarctions.

ECG

The ECG finding is abnormal in the majority of
patients with pulmonary embolism. In two series
of patients with pulmonary embolism who did not
have prior cardiac or pulmonary disease, 70% had
abnormal ECG findings.*6 However, in the vast
majority of cases the observed ECG abnormalities
were nonspecific.

The most specific ECG abnormality was reported
in the landmark article by McGinn and White in
1935.43 They examined the ECGs of seven patients
with massive pulmonary embolism. In five cases, the
ECG was taken within 24 h of the acute attack. In
each case, there was a prominent S wave in lead I,
and a Q wave and negative T wave in lead IIL. This
ECG finding, now termed the S,Q4T; pattern, was
reported to be due to acute cor pulmonale secondary
to acute massive pulmonary embolism. Follow-up
ECGs taken in two patients after they had recovered
had returned to normal.

A second specific ECG finding in patients with
massive pulmonary embolism was reported by Du-
rant et al in 1939.5° They noted right bundle branch
block in two patients with pulmonary embolisms that
were complicated by shock. In both cases, the ECGs
reverted to normal within 24 h.

Subsequent studies have shown that the appear-
ance of a new S,Q5T5 or a new right bundle-branch
block is quite specific for acute pulmonary embo-
lism. The incidence of these two ECG findings in a
given series of patients with pulmonary embolism
will depend on the incidence of massive pulmonary
embolism in the series. In a series of 47 patients with
angiographically documented acute pulmonary em-
bolism reported by the Dexter Laboratory,>! 9 pa-

CHEST /122 /4 / OCTOBER, 2002 1447


http://chestjournal.chestpubs.org/

tients (19%) had the S,QsT; pattern or new com-
plete or incomplete right bundle branch block.

In a study from the Dexter Laboratory,>? the
clinical findings in 17 patients with syncope due to
acute massive pulmonary embolism were compared
to 115 patients with acute pulmonary embolism
without syncope. Angiograms demonstrated obstruc-
tion of > 50% of the pulmonary circulation in 15 of
the 17 patients with syncope. Sixteen of these 17
patients had acute cor pulmonale (mean right atrial
pressure, >8 mm Hg), and 13 patients were in
shock. Ten of these patients (60%) had a new S;Q5T;
or new incomplete right bundle branch block. Only
12% of the patients without syncope had these ECG
findings.>?

Arterial Blood Gases

Cyanosis has long been associated with massive
pulmonary embolism*3; however, it remained for
Robin et al>® in a 1960 report to measure arterial
saturation in patients with a clinical diagnosis of
pulmonary embolism. Eleven patients with signs and
symptoms suggesting massive pulmonary embolism
were studied, and the diagnosis of massive pulmo-
nary embolism was confirmed postmortem in 6 of
the 11 patients. Arterial saturation (room air) varied
from 34 to 90%. Tachypnea was present in most
patients. with the respiratory rate varying from 16 to
59 breaths/min. Ten of the 11 patients had a respi-
ratory rate of > 20 breaths/min.

In a small series of five patients with angiographi-
cally documented pulmonary embolism, Sasahara et
al>* in 1964 reported that four of five patients had
a Pao, level (while breathing room air) of
< 80 mm Hg. The one patient with a Pao, level of
>80 mm Hg presented with symptoms of pulmo-
nary infarction. Pulmonary angiography in this pa-
tient demonstrated submassive pulmonary embolism
limited to the right lower lobe.>*

A study from the Dexter Laboratory in 19715" was
the first to report the results of arterial blood gas
analysis in a large series of patients with acute
pulmonary embolism documented by selective pul-
monary angiography. Arterial blood gases (while
breathing room air) were measured in 36 of 50
patients with documented acute pulmonary embo-
lism. All 36 had a Pao, levels of <80 mm Hg, 82%
had Paco, levels of < 40 mm Hg, and 92% had a pH
of > 7.40. The authors concluded that “a normal
arterial Pao, or normal lung scan essentially excludes
the diagnosis of acute pulmonary embolism.” Subse-
quent studies proved them to be half right. A normal
lung scan finding essentially excludes the diagnosis of
acute pulmonary embolism,?> but a normal Pao,
level (ie, > 80 mm Hg) does not.
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Overton and Bocka® in 1988 reported that 3 of 64
patients with angiographically documented pulmo-
nary embolism had normal Pao, levels (87, 90, and
91 mm Hg). It is of note that none of these patients
presented with signs or symptoms of massive pulmo-
nary embolism and that none were hypotensive. Two
of the three presented with symptoms consistent
with pulmonary infarction. Angiograms confirmed
nonmassive pulmonary embolism in all three cases.

More compelling evidence that a normal Pao,
level cannot be used to exclude pulmonary embolism
came from an analysis of data from the PIOPED
study.?® Of 280 patients with acute pulmonary em-
bolism, 25% of patients with no prior cardiopulmo-
nary disease had a Pao, level of > 80 mm Hg, and
15% of patients with pulmonary embolism with prior
cardiopulmonary disease had a Pao, level of
> 80 mm Hg. The calculation of the alveolar-arterial
oxygen pressure difference (P[A-a]O,) demonstrated
anormal P(A-a)O, in 11 to 14% of these 280 patients
with documented acute pulmonary embolism.

The arterial Pao, is most likely to be abnormal in
patients with massive pulmonary embolism and is
more likely to be normal in patients with submassive
pulmonary embolism. Patients who present with the
signs and symptoms of pulmonary infarction are the
most likely to present with submassive pulmonary
embolism and a normal arterial Pao, level.

In the PIOPED study,? there was a linear corre-
lation of the P(A-a)O, with the severity of pulmonary
embolism, as assessed by pulmonary artery mean
pressure, and with the number of mismatched per-
fusion defects. The results of a clinical study from
the Dexter Laboratory®® are consistent with the
PIOPED data.>® In a series of 132 patients with
angiographically documented acute pulmonary em-
bolism, 17 (13%) presented with syncope secondary
to massive pulmonary embolism. Seventy-six percent
had hypotension, and 24% had cardiac arrest.
Angiograms revealed > 50% obstruction in 82%
of patients. Fourteen of these 17 patients (83%)
had a Pao, of <60 mm Hg. Of 115 patients
without syncope, only 31% had a Pao, level of
< 60 mm Hg.>?

Given these observations, what is the role of
arterial blood gas analysis in patients with suspected
pulmonary embolism? A normal Pao, certainly does
not rule out pulmonary embolism. However, a nor-
mal Pao, in a patient with hypotension or signs of
acute cor pulmonale makes it very unlikely that the
signs and symptoms are due to pulmonary embolism.
In patients without acute cor pulmonale or pulmo-
nary infarction who present with acute dyspnea, the
arterial Pao, can be helpful in distinguishing be-
tween acute pulmonary embolism and the hyperven-
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tilation syndrome. In patients with documented
pulmonary embolism, Pao, helps to indicate its
hemodynamic severity.>¢

Pulmonary Angiography

The development of pulmonary angiography
greatly facilitated our understanding of pulmonary
embolism. Prior to the advent of pulmonary angiog-
raphy, the diagnosis of pulmonary embolism during
life could be made only with certainty during a
pulmonary embolectomy.

The first successful angiographic visualization of
the pulmonary circulation in humans was reported
by Robb and Steinberg® in 1939. They injected
diodrast through large-bore needles into arm veins.
Chest radiographs taken at varying times from the
time of the injection allowed clear visualization of
the right heart chambers, the pulmonary arterial
circulation, and the left heart. Their “contrast roent-
genograms” demonstrated normal pulmonary circu-
lation, and altered circulation in patients with tuber-
culosis and chronic lung disease. They did not study
patients with suspected pulmonary embolism.

Jesser and de Takats®® used the Robb-Steinberg
technique to perform pulmonary angiograms in
dogs. They injected IV a mixture containing barium
sulfate to cause a pulmonary embolism. Pulmonary
angiographs taken before and after embolization
demonstrated obstructed pulmonary arteries and
“mural defects.” They reported that experimental
pulmonary embolism causes sudden dilation of the
right heart.

Lochhead et al® induced autologous clots in the
jugular veins of dogs and then released them to cause
a pulmonary embolism. They used a rapid film
changer to perform pulmonary angiography (two
exposures per second). They noted embolic obstruc-
tion of the pulmonary arteries, but they reported that
in most cases the pulmonary artery occlusions were
not complete, blood being able to pass the clot,
which was recognized as a “filling defect.”

The first report of the angiographic diagnosis of
probable pulmonary embolism in humans was made
by Aitchison and McKay in 1956.%° They reported
the workup of a 57-year-old man who had com-
plained of epigastric pain and had no respiratory
complaints. His chest radiograph demonstrated a
translucent area in the right upper lung (ie, Wester-
mark sign). Bronchography confirmed a normal
bronchus to the right upper lobe. On the basis of
these findings, the authors performed selective pul-
monary angiography with injection into the right
main branch of the pulmonary artery. The resultant
angiogram documented absent perfusion of the right
upper lobe, although an obstructed artery (cutoff) or
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filling defect was not noted. They attributed this
finding to a respiratory illness characterized by he-
moptysis and chest pain in the prior year.

The landmark study of pulmonary angiography
to diagnose pulmonary embolism in man was that
of Williams et al! in 1963. They reported a study
of 50 patients who were suspected of acute or
recurrent pulmonary embolism. They utilized the
Robb-Steinberg technique of IV injection of con-
trast material and used a rapid film changer. They
avoided selective pulmonary angiography because
of the fear of dislodging emboli within the right
heart or main branches of the pulmonary artery.
They recognized pulmonary embolism as a blunt
obstruction of opacified arteries (ie, cutoffs) or as
a central defect with circumferential opacification
around the embolus (ie, filling defects). These
angiographic abnormalities were noted in 73% of
27 patients who were suspected of acute pulmo-
nary embolism.

Wilhelmsen et al® and Sasahara et al®* used
selective pulmonary angiography by injecting con-
trast material into the main pulmonary artery or the
right ventricular overflow tract to study pulmonary
embolism. The selective technique soon became the
technique of choice, allowing better visualization of
the distal pulmonary circulation (Table 7).

The angiographic criteria for acute pulmonary
embolism were reported in a study from the Dexter
Laboratory.®3 The results of selective pulmonary
angiography in 71 patients with or without suspected
pulmonary embolism were evaluated. Filling defects,
cutoffs, pruning (ie, a well-visualized artery with a
paucity of small branches in comparison to similar
sized arteries in other parts of the lung) were seen
only in patients with clinical evidence of pulmonary
embolism. Other abnormalities, including oligemia,
asymmetrical filling, prolongation of the arterial
phase, and bilateral lower lobe delay, were seen in
patents with pulmonary embolism but were seen also
in those with chronic lung disease and congestive
heart failure.63

By the end of the 1960s, selective pulmonary

Table 7—Early Reports of Selective Pulmonary
Angiography To Detect Pulmonary Embolism

Report Year Cases, No.
Aitchison and McKay® 1956 1
Wilhelmsen et al6? 1963 2
Sasahara et al 1964 4
Fred et alé” 1966 73
Ormand et al® 1966 35*
Stein et al®3 1967 71
Dalen et al3? 1971 245

*Some cases were selective, some by IV injection.
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angiography was widely accepted as the most accu-
rate technique for the diagnosis of acute pulmonary
embolism. The safety of this technique was reported
by the Dexter Laboratory in 1971.3° The results of
selective angiography performed in 367 patients
suspected of acute pulmonary embolism from 1964
to 1970 were reported in 1971. There were a total of
13 complications (4%) related to cardiac catheteriza-
tion or angiography. The only death in the 367
studies occurred in a patient with primary pulmonary
hypertension complicated by acute pulmonary em-
bolism. She developed electromechanical dissocia-
tion with cardiogenic shock immediately after the
injection of 40 mL contrast material into the main
pulmonary artery.3°

The establishment of selective pulmonary angiog-
raphy as the “gold standard” for the diagnosis of
pulmonary embolism allowed the validation of other
techniques, such as V/Q scanning. Furthermore, its
establishment allowed for a re-evaluation of the signs
and symptoms of pulmonary embolism.>! Follow-up
angiography led to a better understanding of the
resolution rate and natural history of pulmonary
embolism.45

Lung Scans

Perfusion lung scans were introduced by Wagner
and colleagues® at Johns Hopkins in 1964, just after
the introduction of pulmonary angiography. Wagner
et al%5 demonstrated in their landmark article that
radioiodinated human serum albumin (**'I-labeled
macroaggregated albumin), when injected IV, accu-
mulated to a high degree in the lungs. They then
caused pulmonary embolism in dogs by injecting
latex balloons filled with radiopaque contrast me-
dium into an external jugular vein. In each case, the
site of vascular occlusion was determined correctly
by scanning the lungs as confirmed by the radio-
graphic location of the opaque embolus.

After determining the safety of the technique in
dogs and humans, they performed lung scans in 100
patients. Pulmonary embolism was diagnosed by
lung scan in 14 patients who had perfusion defects
(ie, avascular areas) with confirmation by selective
pulmonary angiography, autopsy, or embolectomy.
They described the avascular areas as crescent-
shaped defects occurring particularly at the lateral
borders of the lungs.

They emphasized the importance of correlating
the scan findings with the plain chest radiograph.
They noted that all lesions detected by plain chest
radiograph, whether from infarction, pneumonia,
atelectasis, abscess, or tumor, would result in de-
creased radioactivity by lung scan. Lopez-Majano
and his colleagues® at Johns Hopkins performed
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lung scans in 60 patients with emphysema and found
that 95% of them had regions of decreased pulmo-
nary artery blood flow. Thus, the lack of specificity of
the perfusion lung scan was apparent at the onset.
The sensitivity of the lung scan would await subse-
quent studies.

The sensitivity of lung scans was assessed by Fred
et alf7 in 1966. They reported the results of lung
scans and selective pulmonary angiography in 73
patients suspected of having acute pulmonary embo-
lism. Of 27 patients with angiographically docu-
mented pulmonary embolism, the lung scan was
abnormal in 26 patients. There was one false-nega-
tive lung scan finding in a patient with complete
obstruction of the distal end of a segmental artery.

Another study®® of the sensitivity and specificity of
perfusion scans was reported by the Dexter Labora-
tory in 1971. Over a 5-year period (1964 to 1969),
selective pulmonary angiography was performed in
227 patients with suspected acute pulmonary embo-
lism. Of 50 patients with unequivocal angiographic
evidence of acute pulmonary embolism, 24 under-
went perfusion scans, all results of which were
abnormal. Of 85 patients suspected of having pul-
monary embolism who had normal pulmonary angio-
gram findings, 44 underwent perfusion scans, with
abnormal findings in 34. The investigators concluded
that a normal lung scan finding essentially excludes
the presence of acute pulmonary embolism. An
abnormal perfusion scan finding is not specific for
pulmonary embolism.

Wagner and colleagues® reported the use of
ventilation lung scans utilizing radioactive xenon in
1968. They reported that the finding of normal
ventilation in segments that were abnormal by per-
fusion ("*'I-labeled macroaggregated albumin) in-
creases the probability of pulmonary embolism,
thereby increasing the specificity of the lung scan.

The most comprehensive assessment of the sensi-
tivity and specificity of V/Q scans for the diagnosis of
acute pulmonary embolism was reported in the
landmark PIOPED study.?* Seven hundred fifty-five
patients underwent V/Q scans and selective pulmo-
nary angiography within 24 h of the occurrence of
symptoms that suggested pulmonary embolism.
Thirty-three percent (251) of the patients had angio-
graphic evidence of pulmonary embolism. Almost all
patients with pulmonary embolism (98%) had abnor-
mal V/Q scan findings. Five patients (2%) had
“near-normal” or normal scan findings. The very
high sensitivity of V/Q scans was confirmed.

High-probability scans were defined as two or
more moderate or large segmental perfusion defects
without corresponding ventilation or roentgeno-
graphic abnormalities. Pulmonary embolism was
documented by angiography in 88%. However, only
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41% of the patients with pulmonary embolism had a
high-probability scan. The majority of patients with
pulmonary embolism (57%) had an intermediate-
probability or low-probability scan.

The results of the PIOPED study indicate that a
high-probability scan is nearly specific (88%) for
acute pulmonary embolism. A normal scan finding
essentially excludes significant pulmonary embolism.
However, the majority of patients suspected of hav-
ing acute pulmonary embolism will have an interme-
diate-probability or low-probability scan in which the
specificity for pulmonary embolism is 30% and 14%,
respectively. In the circumstance of indeterminate or
low-probability scans, the diagnosis of acute pulmo-
nary embolism can be neither confirmed nor ex-

cluded.

Fibrin Split Products/D-dimer

The presence of elevated levels of fibrin split
products (FSPs) in patients with pulmonary embo-
lism was reported by Wilson et al in 1971.%% These
findings were confirmed by angiographic studies in
the Dexter Laboratory in 1973.70 Although these
early studies demonstrated significant sensitivity (but
minimal specificity) for pulmonary embolism, the
measurement of FSPs to diagnose or exclude pulmo-
nary embolism did not achieve clinical acceptance.

The early tests for FSPs were sensitive to fibrino-
gen and its degradation products, and therefore were
not specific for fibrin derivatives.”™ Newer tests
involving an immunoassay using monoclonal anti-
bodies to specifically measure cross-linked fibrin
derivatives in plasma renewed interest in this diag-
nostic test.”7 These tests are specific for d-dimer
and other larger cross-linked fibrin derivatives.™

The following two types of tests have been devel-
oped: the enzyme-linked immunosorbent (ELISA)
test; and the rapid latex agglutination test. The
advantage of the latex test is that it can be performed
rapidly, whereas the standard ELISA test for d-
dimer requires several hours.

Measurement of d-dimer by these two techniques
has clearly established that the sensitivity of the
ELISA test greatly exceeds that of the rapid latex
test. In an early study comparing these two tests, in
a group of 62 patients undergoing venography for
DVT, the sensitivity of the ELISA was 100% com-
pared to 73% for the latex test.”™ Bounameaux et al™
reported similar results as follows: ELISA sensitivity,
100%; and sensitivity for the two latex tests, 60% and
67%. The negative predictive value of a normal
d-dimer test result is greater in patients with a low
clinical probability of VTE. 3132

The sensitivity of a number of rapid ELISA tests
has been investigated. The sensitivity of these newer
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rapid tests for VTE varies from 90 to 95%.7> How-
ever, in one study™ of 198 emergency department
patients, the sensitivity for VTE was only 65%. The
verification of a sensitivity near 100% of a rapid
ELISA test will be of immense value in avoiding the
further workup of patients in whom the clinical
suspicion of VTE is low.

Echocardiography

Since the report by Covarrubias et al”™ in 1977 of
the detection of a thrombus adjacent to the tricuspid
valve by M-mode echocardiography in a patient who
died of documented massive pulmonary embolism
48 h later, echocardiography has become one of the
tests used to evaluate patients with suspected pul-
monary embolism.

The first report of the echocardiographic findings
in a patient with acute pulmonary embolism docu-
mented by selective pulmonary angiography was by
Steckley et al™ in 1978. They reported a patient who
had undergone echocardiography before and after
an episode of acute pulmonary embolism that was
documented by pulmonary angiography. They noted
the development of right ventricular dilatation and
paradoxical septal motion after the episode of acute
pulmonary embolism. A follow-up echocardiogram
after treatment showed a complete return to normal.™

Kasper et al™ in 1980 reported findings by M-
mode echocardiography in 18 patients with angio-
graphically documented pulmonary embolism. None
of the patients had known prior cardiopulmonary
disease. The investigators reported dilatation of the
right pulmonary artery that correlated with increased
mean pulmonary artery pressure. The right ventricle
was dilated in 13 of 16 patients, while the left
ventricular dimension was decreased in 10 of 15
patients. The ratio of right ventricular end-diastolic
dimension/left ventricular end-diastolic dimension
was above normal in 14 of 15 patients. The right
ventricle/left ventricle ratio correlated well with the
angiographic severity of embolic obstruction. In a
later report by Miller et al,%* the extent of right
ventricular end-systolic area enlargement and de-
creased right ventricular fractional change did not
correlate with the degree of pulmonary vascular
obstruction as assessed by perfusion lung scans in 64
patients with acute pulmonary embolism who had no
prior cardiopulmonary disorders. Other studies®!52
have reported the detection of thrombus within the
right pulmonary artery using two-dimensional echo-
cardiography with a suprasternal approach.

In 1986, Kasper et al® reported the findings by M-
mode or two-dimensional echocardiography in 105
patients with acute pulmonary embolism docu-
mented by pulmonary angiography, V/Q scan, or
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postmortem examination. Their findings are shown
in Table 8. Dilatation of the right pulmonary artery
and dilatation of the right ventricle were the most
frequent findings but are not specific for acute
pulmonary embolism. Visualization of a clot in the
pulmonary artery would appear to be highly specific
for pulmonary embolism. Of note is the fact that
19% of these patients with documented pulmonary
embolism had normal echocardiogram findings.
Kasper et al® were the first to report that a normal
echocardiogram finding does not rule out acute
pulmonary embolism.

Come et al®* reported that serial echocardiograms
can be used to assess the hemodynamic response to
the treatment of pulmonary embolism. They studied
eight patients before and after a 6-h infusion of
recombinant human tissue plasminogen activator.
The resolution of embolic obstruction was assessed
by serial pulmonary angiography, lung scan, and the
measurement of right-sided pressures. As embolic
obstruction began to resolve, they noted a decrease
in the right ventricular diameter, an increase in the
left ventricular diameter, an improvement of right
ventricular hypokinesis, and a decrease in tricuspid
regurgitation. Subsequent studies®>56 have used se-
rial echocardiography to assess the response to treat-
ment in patients with acute pulmonary embolism.

In a review of the echocardiography findings in
patients with acute pulmonary embolism, Come®>
confirmed the findings of echocardiography that had
been reported by Kasper et al® (Table 8). In addi-
tion to these abnormalities, Come noted that right
ventricular hypokinesis is an important finding in
patients with pulmonary embolism and that the flow
velocities in tricuspid and pulmonary regurgitant jets
can be used to reliably estimate pulmonary artery
systolic and diastolic pressures.5>

Ribeiro et al®7 reported the results of Doppler
echocardiography in 126 patients with acute pulmo-
nary embolism documented by V/Q scan or angiog-
raphy. Nineteen percent of these patients with doc-
umented pulmonary embolism had a normal finding

Table 8 —Echocardiographic Findings in 105 Patients
with Acute Pulmonary Embolism*

Variable Percent
Dilatation of right pulmonary artery 77
Dilated right ventricle 75
| E/F slope of mitral valve 50
| Left ventricular dimension 42
Abnormal IV septal motion 40
Embolus in right pulmonary artery 10
Thrombi in right atrium or right ventricle 4
Normal echocardiogram 19

*Data reproduced with permission of Kasper et al.$3
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on their Doppler echocardiography study, as had
been reported previously by Kasper et al.®3 Ribeiro
et al5” found that 44% of patients had no or slight
right ventricular hypokinesis, while 56% had moder-
ate-to-severe right ventricular hypokinesis. This
compares to an incidence of right ventricular hypo-
kinesis of 40% in hemodynamically stable patients in
the International Cooperative Pulmonary Embolism
Registry as reported by Goldhaber.5s Ribeiro et al
noted that the following two factors were associated
with increased mortality in their 126 patients: the
presence of cancer; and the presence of right ven-
tricular hypokinesis. In patients without cancer, the
1-year pulmonary embolism mortality rate was 0% in
those without right ventricular hypokinesis, com-
pared to 7.7% in those with right ventricular hypo-
kinesis.®” Kasper et al® have reported that right
ventricular hypokinesis is associated with increased
mortality in patients with pulmonary embolism.

In a unique study, Krivec and coworkers® utilized
bedside transesophageal echocardiography (TEE) to
assess 24 critically ill patients with unexplained shock
and distended jugular veins. They found that 17 of the
24 patients had right ventricular dilatation with global
hypokinesis. TEE examination detected pulmonary
emboli in the central circulation (main pulmonary
artery, right pulmonary artery, or left pulmonary artery)
in 12 of these 17 patients and reduced right pulmonary
artery flow was demonstrated in 1 additional patient.
Massive pulmonary embolism was documented by lung
scan or postmortem examination in 12 of these 13
patients (90%). In a larger series of patients who had
severe pulmonary embolism as assessed by echocardio-
graphic evidence of right heart pressure overload,
Wittlich et al! demonstrated central pulmonary embo-
lism in the main, right, or left pulmonary artery in 35
patients (58%) using TEE.

Echocardiography, which is noninvasive and can
be performed at the bedside of critically ill patients,
is valuable in the evaluation of patients suspected of
acute pulmonary embolism. A normal echocardio-
gram finding does not exclude the presence of
pulmonary embolism, but a number of findings
including right ventricular dilatation, right ventricu-
lar hypokinesis, and dilatation of the right pulmonary
artery, while not diagnostic, are frequent findings
that can lead to further diagnostic evaluations. TEE
detection of emboli in the central pulmonary circu-
lation may prove to be highly specific for pulmonary
embolism, although the sensitivity of this finding and
its validation by pulmonary angiography remain to be
determined. The detection of thrombi in the right
heart is a clear indication for treatment.

Echocardiographic evaluation of right ventricular
size and contractility is useful in determining the
hemodynamic severity of the pulmonary embolism.
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Whether right ventricular hypokinesis is a relevant
guide to the need for thrombolytic treatment re-
mains controversial, pending further studies.

CT Scan of the Chest

A report by Sinner®? of the detection of pulmonary
infarcts by conventional chest CT scan sparked
interest in this noninvasive (or minimally invasive)
test in the diagnosis of pulmonary embolism. Interest
in this procedure intensified with the introduction of
electron beam CT scanning and spiral volumetric CT
(SVCT) scanning. These technologic advances per-
mit a more detailed visualization of the pulmonary
circulation, which allows the detection of intralumi-
nal filling defects and cutoffs down to the segmental
level.

The report of Remy-Jardin et al®® in 1992 was
particularly promising. They reported the results of
SVCT scans and selective pulmonary angiography in
42 patients. All 23 patients with normal findings by
SVCT had normal pulmonary arteriogram findings
(sensitivity, 100%). There was one false-positive
SVCT study (specificity, 96%).

These findings led to many other similar studies.
Teigen et al”* reported similar findings using elec-
tron beam CT scanning. In their study of 86 patients
who underwent CT scans, only 21 had undergone
pulmonary angiography. Gurney,% in an editorial in
1993, suggested that “chest CT may be an ideal tool
to diagnose suspected pulmonary embolism, obviat-
ing V/Q scanning entirely and markedly reducing the
need for pulmonary angiography.”

Goodman et al“ reported the results of helical CT
scans and pulmonary angiography in 20 patients with
suspected pulmonary embolism. When emboli in the
main, lobar, or segmental pulmonary arteries were
analyzed, CT scan sensitivity was 96% and specificity
was 92%. However, when subsegmental vessels were
included, the sensitivity of the CT scan decreased to
86%, while the specificity remained at 92%. Good-
man et al noted that subsegmental emboli are more
difficult to diagnose. Only one of four subsegmental
emboli identified by angiogram was detected by CT
scan. Yan Rossum et al°7 also found CT scanning to
be accurate in pulmonary arteries down to the
segmental level, but not in the smaller subsegmental
branches.

Two reports®s9 reviewed the sensitivity and spec-
ificity of SVCT scanning in the diagnosis of pulmo-
nary embolism. There was considerable overlap in
the studies reviewed in these two reports. Combin-
ing the two reports, there were 264 patients in whom
SVCT scanning (helical CT scanning) was compared
to selective pulmonary angiography as the “gold
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standard.” The sensitivity of CT scanning in the 264
patients in the combined series was 87%, with a
specificity of 91%.

In an editorial by Bates and Ginsberg!® accom-
panying the review by Rathbun et al,” some of the
reasons for less-than-perfect sensitivity and specific-
ity were discussed. Interobserver and intraobserver
variability could be factors influencing the interpre-
tation of CT scans (and pulmonary angiograms).
Technically inadequate or inconclusive scans occur
in 1 to 10% of CT scans. False-positive CT scans may
result from the misdiagnosis of hilar lymph nodes,
the partial opacification of pulmonary veins, and
perivascular edema in patients with congestive heart
failure. 10

One factor leading to false-negative CT scan find-
ings is a lack of sensitivity for emboli in the subseg-
mental arteries. This becomes relevant when emboli
are limited to subsegmental arteries. Fortunately,
pulmonary embolism limited to subsegmental arter-
ies is uncommon (PIOPED Study, 6%).23

Chest CT scanning offers many advantages in the
diagnosis of pulmonary embolism. It directly identi-
fies the pulmonary embolus as an intraluminal filling
defect within a pulmonary artery. It is in direct
contrast to the detection of pulmonary embolism
without pulmonary infarction by plain chest radio-
graph where the principal evidence of pulmonary
embolism is the appearance of an avascular area in
the chest radiograph. An advantage of chest CT
scans over V/Q scans and pulmonary angiography is
the ability to identify other conditions that may have
symptoms and signs that are suggestive of pulmonary
embolism. These conditions include the following:
pneumonia; cardiac disease; pulmonary fibrosis;
chest trauma; malignancy; pleural disease; and post-
operative changes in the lung.'°2 However, this may
lead to the unnecessary workup of benign, asymp-
tomatic conditions.

The principal advantage of chest CT scanning in
the diagnosis of pulmonary embolism is that it can be
performed quickly in critically ill patients. The ideal
circumstance for chest CT scanning in diagnosing
pulmonary embolism is in critically ill patients with
shock and/or signs of acute cor pulmonale. A normal
chest CT scan finding in this circumstance essentially
rules out central pulmonary embolism as the cause of
the patient’s signs and symptoms.

A normal finding on a chest CT scan does not
exclude pulmonary embolism, especially if the em-
boli are limited to the subsegmental arteries. The
impact of this drawback will have to be determined
by follow-up studies of patients suspected of pulmo-
nary embolism, who have had a negative chest CT
finding and have not been treated with anticoagula-
tion or inferior vena cava interruption. Until such
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studies are reported, I believe that further study of
the patient suspected of pulmonary embolism who
has a normal finding on chest CT scan is appropriate.
This study could include a V/Q scan, and/or a
noninvasive examination of the legs and measure-
ment of d-dimer. Pulmonary embolism limited to the
subsegmental arteries is uncommon, but, given the
natural history of VTE in the absence of treatment, it
could be followed by recurrent, potentially lethal
pulmonary embolism.'s
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