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HE diagnosis and treatment of pulmonary

embolism demand an interdisciplinary ap-

proach, combining medical, surgical, and ra-
diologic specialties. Despite substantial advances, mor-
tality and recurrence rates remain high. The present
article addresses thrombotic venous thromboembo-
lism, even though the term “pulmonary embolism”
encompasses embolism from many sources, including
air, bone marrow, arthroplasty cement, amniotic flu-
id, tumor, talc, and sepsis.

EPIDEMIOLOGY AND PATHOPHYSIOLOGY

Pulmonary embolism ranges from incidental, clin-
ically unimportant thromboembolism to massive em-
bolism with sudden death. Hypercoagulability leads
to the formation of thrombus in the leg veins, with
proximal extension as the clot propagates. As throm-
bi form in the deep veins of the legs, pelvis, or arms,
they may dislodge and embolize to the pulmonary
arteries (Fig. 1), with potentially serious consequen-
ces. Pulmonary arterial obstruction and the release
by platelets of vasoactive agents such as serotonin el-
evate pulmonary vascular resistance. The resulting
increase in alveolar dead space and redistribution of
blood flow (which creates areas of decreased ventila-
tion to perfusion) impair gas exchange; stimulation
of irritant receptors causes alveolar hyperventilation.
Reflex bronchoconstriction augments airway resist-
ance, and lung edema decreases pulmonary compli-
ance.? As right ventricular afterload increases, ten-
sion rises in the right ventricular wall and may lead
to dilatation, dysfunction, and ischemia of the right
ventricle. In the presence of a patent foramen ovale
or atrial septal defect, paradoxical embolism may oc-
cur, as well as right-to-left shunting of blood with
severe arterial hypoxemia.

Pulmonary embolism and deep venous thrombo-
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sis should be considered part of the same patholog-
ical process. In one study, nearly 40 percent of pa-
tients who had deep venous thrombosis but no
symptoms of pulmonary embolism had evidence of
pulmonary embolism on lung scanning.? Converse-
ly, in a study of patients with pulmonary embolism,
29 percent had abnormalities on ultrasonographic
studies of leg veins.# Deep venous thrombosis prob-
ably could not be detected in the majority of pa-
tients with pulmonary embolism because the throm-
bus had embolized before noninvasive evaluation of
the legs was conducted or because compression ul-
trasonography is insensitive and does not identify
small, residual clots.

Incidence, Mortality, and Recurrence

In studies conducted in Worcester, Massachu-
setts,5 and Olmsted County, Minnesota,® the inci-
dence of venous thromboembolism was about 1 in
1000 per year. In both studies, venous thromboem-
bolism was more common in men; for each 10-year
increase in age, the incidence doubled. By extrapo-
lation, we can estimate that more than 250,000 pa-
tients are hospitalized annually in the United States
with venous thromboembolism.

The mortality rate for pulmonary embolism con-
tinues to be high (Fig. 2). In the International Co-
operative Pulmonary Embolism Registry of 2454
patients, the three-month mortality rate was 17.5
percent.8 All consecutive patients with a diagnosis of
pulmonary embolism were included and pulmonary
embolism was the principal cause of death. In con-
trast, the overall three-month mortality rate in the
Prospective Investigation of Pulmonary Embolism
Diagnosis was about 15 percent, but only 10 percent
of deaths during one year of follow-up were ascribed
to pulmonary embolism.? A study of Medicare recip-
ients who were 65 years of age or older reported 30-
day case fatality rates in patients with pulmonary
embolism.’ Overall, men had higher fatality rates
than women (13.7 percent vs. 12.8 percent) and
blacks had higher fatality rates than whites (16.1 per-
cent vs. 12.9 percent).

Right Ventricular Function

Analyses of four registries of patients with pulmo-
nary embolism have demonstrated that a finding of
right ventricular hypokinesis in the presence of nor-
mal systemic arterial pressure predicts an adverse clin-
ical outcome. Although fewer than 5 percent of pa-
tients in the International Cooperative Pulmonary
Embolism Registry presented with cardiogenic shock,
half the overall population underwent echocardiogra-
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Figure 1. Pulmonary Thromboembolus.

Gross specimen of the right lung, sectioned in a coronal plane
at the vascular pedicle, shows a recent thromboembolus
lodged in the right main pulmonary artery (Panel A). The clot
extends into the right-upper-lobe pulmonary artery, the interlo-
bar pulmonary artery, and some of the segmental branches of
the lower lobe. Hemorrhage is seen in the lower lateral portion
of the sectioned lung. Panel B shows a histologic section of a
medium-sized pulmonary artery containing recent throm-
boembolus (hematoxylin and eosin). Reprinted from Skibo and
Goldhaber® with the permission of the publisher.
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Figure 2. Survival of Medicare Enrollees with Deep Venous
Thrombosis or Pulmonary Embolism and a Sample of Medi-
care Enrollees Matched for Age, Sex, and Race.

Reprinted from Kniffin et al.” with the permission of the pub-
lisher.

phy. Right ventricular hypokinesis, as assessed by
echocardiography, was present in about 40 percent
of patients with normal systemic arterial pressure.
Among the patients who underwent echocardiogra-
phy, a finding of right ventricular hypokinesis was
associated with a doubling of the mortality rate at
14 days and with a rate at 3 months that was 1.5
times that in patients without hypokinesis.8 In a
Swedish study, 126 consecutive patients with pul-
monary embolism underwent echocardiography when
pulmonary embolism was initially diagnosed.!! The
overall mortality rate at one year was 15 percent;
however, the mortality rate at one year was three
times higher in patients with right ventricular dys-
function than in those with normal right ventricular
function. Kasper et al. reported similar findings in a
registry of 317 patients with clinically suspected pul-
monary embolism.!2 Finally, in the Management Strat-
egy and Prognosis of Pulmonary Embolism Registry
(MAPPET) of 1001 patients with pulmonary embo-
lism and right ventricular dysfunction,!? the mortality
rate increased as right ventricular failure worsened.

Risk Factors

Since genetic predisposition appears to explain
only about one fifth of cases of pulmonary embo-
lism, identification of other risk factors is critical.
Virchow proposed a classic triad of local trauma to
the vessel wall, hypercoagulability, and stasis as caus-
es of venous thromboembolism. In the Nurses’
Health Study,'* the highest rates of pulmonary em-
bolism were observed among nurses 60 years of age
or older who were in the highest quintile of body-
mass index. Heavy cigarette smoking and high blood
pressure were also identified as risk factors for pul-
monary embolism. However, no association was ob-
served between pulmonary embolism and high cho-
lesterol levels or diabetes.
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From 1979 to 1986, 2726 pregnancy-associated
deaths were reported in the United States.!s For
women whose pregnancies resulted in a live birth,
thrombotic pulmonary embolism was the leading
cause of death.

Most users of oral contraceptives take second-
generation formulations that contain norgestrel, le-
vonorgestrel, or norgestrienone as the progesterone
and low-dose estrogen (<50 ug). The risk of pul-
monary embolism among users of these oral contra-
ceptives is about three times the risk among non-
users. Third-generation oral contraceptives contain
desogestrel, gestodene, or norgestimate as the pro-
gesterone in combination with low-dose estrogen.
These newly formulated oral contraceptives attenu-
ate the androgenic side effects of acne and hirsutism.
Three groups have reported that the risk of venous
thromboembolism among women taking third-gen-
eration formulations is double the risk among those
taking second-generation formulations,'¢-18 but this
observation is not universally accepted.l?

Hormone-replacement therapy doubles the risk of
venous thromboembolism. Interestingly, the risk is
higher near the start of therapy than after long-term
use.20 This conclusion emerges from three separate
studies2!-23 that report remarkably similar findings. As
is true for oral-contraceptive therapy, current but not
prior use places women at increased risk.

Neoplastic cells can generate thrombin or synthe-
size various procoagulants.2* Occasionally, previous-
ly unsuspected cancer is identified in patients with
newly diagnosed venous thrombosis.2> However, this
finding is unlikely in patients known to have hyper-
coagulability; after trauma, surgery, or immobiliza-
tion; or during pregnancy or in the postpartum pe-
riod.26 An extensive diagnostic evaluation for cancer
rarely prolongs life in patients with newly diagnosed
venous thrombosis, because in most cases, the can-
cer has already widely metastasized, and the progno-
sis is ominous.

Surgery predisposes patients to pulmonary embo-
lism, even as late as one month postoperatively. In a
study in Malmo, Sweden, 25 percent of the cases of
pulmonary embolism occurred between the 15th
and 30th postoperative day and 15 percent were de-
tected more than 30 days postoperatively.?” In a
Swiss study,? pulmonary embolism after discharge
occurred a median of 18 days postoperatively and
led to an overall increase of 30 percent in the rate of
postoperative pulmonary embolism.

Thrombophilia

Activated protein C is the most potent endoge-
nous anticoagulant. Resistance to this protein is con-
sidered to be present when challenge with activated
protein C prolongs the partial-thromboplastin time
in plasma less in patients than in control subjects. In
1994, Svensson and Dahlbick found a high preva-

lence of resistance to activated protein C among per-
sons with a history of venous thrombosis. This re-
sistance appeared to be inherited as an autosomal
dominant trait.2 Soon thereafter, three groups al-
most simultaneously described the point mutation
(the substitution of adenine for guanine) in the gene
coding for coagulation factor V that is responsible
for activated protein C resistance.3032 Glutamine re-
places arginine at position 5006, thereby making acti-
vated factor V more difficult for activated protein C
to cleave and inactivate.?? This is called the factor V
Leiden mutation. In the Physicians’ Health Study,3*
the relative risk of venous thrombosis in men with
the mutation was 2.7. When 24 populations were
analyzed, the mutation appeared to be most com-
mon in Europe and least common in Africa and
Southeast Asia.3s Factor V Leiden also appeared to
increase the risk of recurrent pulmonary embolism
after discontinuation of anticoagulation by a factor
of 2 to 4.36:37

Use of oral contraceptive agents3® and pregnan-
cy?® increase the frequency of activated protein C re-
sistance even in women without the factor V Leiden
mutation. Women with factor V Leiden who use
oral contraceptive agents have an estimated 35-fold
increase in the risk of venous thromboembolism, as
compared with women without the mutation.#04! It
has been hypothesized that the reported increased
risk of pulmonary embolism associated with third-
generation oral contraceptive agents results from
these agents’ being more likely to cause resistance to
activated protein C than second-generation oral
contraceptive agents.*

Plasma hyperhomocysteinemia is usually caused by
mild deficiencies of folate and is occasionally caused
by inadequate intake of vitamin B, or B,,.#3 In case—
control studies from Padua, Italy,** and the Nether-
lands,*® the risk of deep venous thrombosis among
patients with hyperhomocysteinemia was two to three
times that among subjects without hyperhomocys-
teinemia. In the Physicians’ Health Study,* hyperho-
mocysteinemia tripled the risk of idiopathic venous
thrombosis, and the factor V Leiden mutation dou-
bled the risk of venous thrombosis. However, the pres-
ence of both hyperhomocysteinemia and the factor
V Leiden mutation increased the risk of any venous
thrombosis by almost 10-fold and increased the risk
of idiopathic venous thrombosis by a factor of 20.

Many patients with antiphospholipid antibodies
or the lupus anticoagulant do not have systemic lu-
pus erythematosus. This acquired abnormality may
be associated with an increased risk of venous throm-
bosis, recurrent miscarriage, stroke, or pulmonary
hypertension.#” In a case—control study, the lupus
anticoagulant was detected in 8.5 percent of the 59
patients who had deep venous thrombosis confirmed
by contrast venography but in none of the 117 with
no abnormalities on venography.*8
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The routine laboratory workup for a hypercoagu-
lable state in patients with pulmonary embolism
used to include assay of antithrombin III, protein C,
and protein S. The levels of all three of these coag-
ulation-inhibiting proteins can be depressed during
an acute thrombotic state. In addition, heparin de-
presses antithrombin III levels, and warfarin depress-
es protein C and protein S levels. Furthermore,
pregnancy*® and the use of oral-contraceptive agents3°
cause protein S levels to decline. Overall, these pro-
teins should not be measured routinely because the
results may be misleading and because deficiencies
of antithrombin III, protein C, and protein S rarely
occur.’! Patients with these protein deficiencies have
frequent recurrences of venous thromboembolism
during the first one to three years after the cessation
of anticoagulant therapy.52 I usually test for the fac-
tor V Leiden mutation, because it is responsible for
the most common hypercoagulable state; hyperho-
mocysteinemia, because it can be readily treated with
B vitamins; and the lupus anticoagulant, because if
it is present, particularly intensive anticoagulation
may be required.

DIAGNOSIS

The accurate detection of pulmonary embolism
remains difficult, and the differential diagnosis is ex-
tensive (Table 1). Pulmonary embolism can accom-
pany as well as mimic other cardiopulmonary illness-
es. Overdiagnosis is as likely as underdiagnosis. The
optimal strategy is an integrated diagnostic approach
that includes a methodical history taking and physi-
cal examination, supplemented by selective testing
when appropriate.

Details should be sought regarding the patient’s
history and a family history of venous thrombosis, as
well as coexisting conditions, environmental risk fac-
tors, and hormonal influences. Dyspnea is the most
frequent symptom of pulmonary embolism, and tach-
ypnea is the most frequent sign.53 Whereas the pres-
ence of dyspnea, syncope, or cyanosis usually indi-
cates a massive pulmonary embolism, a finding of
pleuritic pain, cough, or hemoptysis often suggests
a small embolism near the pleura. On physical exam-
ination, findings of right ventricular dysfunction in-
clude bulging neck veins with v waves, a left paraster-
nal lift, an accentuated pulmonic component of the
second heart sound, and a systolic murmur at the
left lower sternal border that increases in intensity
during inspiration. These signs may be obscured by
obesity or by a barrel chest with increased antero-
posterior diameter. Bulging neck veins may be re-
placed by profound hypoxemia when right-to-left
shunting occurs through a patent foramen ovale.

Electrocardiography and chest radiography should
usually be incorporated into the diagnostic workup.
The most frequent electrocardiographic abnormality
is T-wave inversion in the anterior leads, especially

96 - July 9, 1998

TABLE 1. DIFFERENTIAL DIAGNOSIS
OF PULMONARY EMBOLISM.

Pneumonia or bronchitis
Asthma

Exacerbation of chronic obstructive pulmo-
nary disease

Myocardial infarction
Pulmonary edema

Anxiety

Dissection of the aorta
Pericardial tamponade

Lung cancer

Primary pulmonary hypertension
Rib fracture

Pneumothorax

Costochondritis

Musculoskeletal pain

leads V, to V,.5¢ These are probably reciprocal chang-
es reflecting inferoposterior ischemia due to com-
pression of the right coronary artery by the right
ventricle as a result of pressure overload. New-onset
right-bundle branch block or atrial fibrillation is un-
common. Abnormal findings on the chest film may
include focal oligemia (Westermark’s sign), a periph-
eral wedge-shaped density above the diaphragm
(Hampton’s hump), and an enlarged right descend-
ing pulmonary artery (Palla’s sign).5

In the presence of risk factors for venous throm-
boembolism or coexisting conditions, a finding of
unexplained dyspnea, chest discomfort, or syncope
indicates a moderate or high clinical likelihood of
pulmonary embolism. If the clinical likelihood is
low, however, a D-dimer enzyme-linked immunosor-
bent assay (ELISA) (Fig. 3) and venous ultrasonog-
raphy may be useful. Because the D-dimer ELISA
lacks specificity and levels of D-dimer are elevated
in patients with myocardial infarction, pneumonia,
heart failure, or cancer and in those who have un-
dergone surgery,’® the assay is best suited for pa-
tients who present to the emergency department or
a physician’s office without other systemic illnesses.>”
The assay usually requires three to four hours to per-
form and is generally not performed on nights or
weekends. Alternatively, a more rapid and readily
available latex-agglutination test can be performed,
but about half the time the results will be normal in
the presence of an elevated D-dimer ELISA level.58
Unfortunately, the finding of normal arterial-blood
gas values does not rule out the diagnosis of pulmo-
nary embolism and cannot accurately be used to dis-
criminate between patients suspected of having pul-
monary embolism who require further investigation
and those in whom no further workup is re-
quired.?¢0 Findings of hypoxemia or hypocapnia
may increase the physician’s level of diagnostic sus-
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Figure 3. Endogenous Fibrinolysis and Release of b-Dimers.

In the presence of thrombin, fibrinogen is cleaved to form fibrin monomers, which are subsequently stabilized by
thrombin-activated factor XIll. Covalent cross-linkages in the b-domain region of fibrin produce an insoluble fibrin clot.
The presence of the fibrin clot, in turn, triggers plasmin to lyse the clot as well as fibrinogen. Whereas fibrinogenolysis
leads to fibrinogen-degradation products, lysis of the fibrin clot generates cross-linked fibrin-degradation products con-
taining pb-dimer. Most patients with pulmonary embolism have some endogenous (although clinically ineffective) fibri-
nolysis. When plasmin digests cross-linked fibrin from the pulmonary embolus that has formed, b-dimers are released
into the plasma and can be recognized by commercially available monoclonal antibodies. The plasma p-dimer ELISA
is highly sensitive but not specific for the diagnosis of pulmonary embolism, with a high negative predictive value.
Generally, a finding of more than 500 ng of b-dimer per milliliter is considered abnormal, and such levels are present
in more than 90 percent of patients with pulmonary embolism. Conversely, the finding of a normal b-dimer level pro-
vides reassurance in more than 90 percent of cases that pulmonary embolism is not present.

picion, but these findings are not specific for pulmo-
nary embolism.

Venous ultrasonography is highly accurate in
symptomatic outpatients with suspected deep venous
thrombosis,f! but normal results do not rule out
pulmonary embolism if the level of clinical suspicion
is moderately high. The rate of ultrasonographic de-
tection of deep venous thrombosis is much lower
when symptoms or signs are absent. Even a finding
of normal results on bilateral contrast venography
does not rule out pulmonary embolism. For exam-
ple, in one study of 41 patients with abnormalities
on pulmonary angiography, the results of leg venog-
raphy were normal in 12.62

Perfusion lung scanning remains the most useful
screening test to rule out clinically important acute
pulmonary embolism. Normal results are almost
never associated with recurrent pulmonary embo-
lism, even if anticoagulants are withheld. In the Pro-
spective Investigation of Pulmonary Embolism Di-
agnosis, the use of a scanning pattern thought to
indicate a high probability of pulmonary embolism
identified only 41 percent of affected patients.s3
Whereas normal results or results indicating a high

probability of disease are extremely helpful, nondi-
agnostic resultsé* are difficult to interpret. Only rare-
ly does ventilation scanning clarify the interpretation
of perfusion lung scans.s> Furthermore, in the pres-
ence of a high index of clinical suspicion, results of
lung scanning indicating a low probability of pulmo-
nary embolism may inadvertently steer the clinician
away from the correct diagnosis.®¢ Such results should
instead be interpreted as nondiagnostic.”

An alternative to lung scanning or conventional
pulmonary angiography is spiral computed tomog-
raphy (CT) of the chest with contrast medium.®8
This approach is best suited for identifying pulmo-
nary embolism in the proximal pulmonary vascular
tree.® However, if the CT findings are normal in the
presence of a high index of clinical suspicion, con-
trast pulmonary angiography that focuses on the
distal pulmonary vasculature should be performed.
It is important to identify small distal pulmonary
emboli that may not be detected by spiral CT of the
chest, because a major pulmonary embolism may
ensue unless adequate anticoagulation is initiated.
For patients with renal insufficiency and a high
probability of pulmonary embolism, the exposure to
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contrast medium will be minimized if one forgoes
CT and proceeds directly to conventional pulmo-
nary angiography. Another promising new technique
is gadolinium-enhanced magnetic resonance pulmo-
nary angiography,”® which reveals anatomical features
as well as assessing right ventricular wall motion.

When consecutive patients with pulmonary embo-
lism undergo echocardiography, about 40 percent
have abnormalities of the right ventricle. Transthoracic
echocardiography (Fig. 4) is particularly useful in crit-
ically ill patients suspected of having pulmonary
emboli’? and can help identify right ventricular pres-
sure overload as well as myocardial infarction, dissec-
tion of the aorta, or pericardial tamponade, which may
mimic pulmonary embolism. The McConnell sign of
pulmonary embolism is a pattern of regional right
ventricular dysfunction in which apical wall motion re-
mains normal despite hypokinesis of the free wall.”?

Combining noninvasive diagnostic tests may be
especially useful. For instance, a normal D-dimer
ELISA and venous ultrasonographic examination
can help rule out pulmonary embolism, whereas an
echocardiogram showing right ventricular hypoki-
nesis combined with positive findings on ultraso-
nography of the legs is virtually pathognomonic of
pulmonary embolism.

Diastole

Contrast pulmonary angiography remains the
gold standard. It can generally be performed safely7*
and may pinpoint the diagnosis in cases in which
there is a high index of clinical suspicion despite
nondiagnostic findings on lung scanning and normal
results on venous ultrasonography and echocardiog-
raphy. Occasionally, pulmonary angiography is used
when the clinical suspicion is low despite the fact
that other test results indicate pulmonary embolism.

THERAPY

Heparin constitutes the cornerstone of manage-
ment.”? It accelerates the action of antithrombin III,
thereby preventing an additional thrombus from
forming and permitting endogenous fibrinolysis to
dissolve some of the clot. Initial therapy with an oral
anticoagulant and no heparin may paradoxically in-
tensify hypercoagulability and increase the frequency
of recurrent venous thromboembolism.”® In the ab-
sence of overt contraindications such as active gas-
trointestinal hemorrhage, patients with a moderate
or high clinical likelihood of pulmonary embolism
should receive intensive anticoagulation with hepa-
rin during the diagnostic workup. A bolus of unfrac-
tionated heparin (usually 5000 to 10,000 U) fol-
lowed by a continuous infusion (initiated at a dose

Systole

Figure 4. Typical Findings of Transthoracic Echocardiography in Patients with Massive Pulmonary Embolism.

In patients with pulmonary embolism, the transthoracic echocardiogram rarely demonstrates thrombus; instead, findings sugges-
tive of pulmonary embolism may be observed. Shown here are parasternal short-axis views of the right ventricle (RV) and left ven-
tricle (LV) in diastole (Panel A) and systole (Panel B) in a patient with angiographically proved pulmonary embolism. There is dia-
stolic and systolic bowing of the interventricular septum (arrows) into the left ventricle — a finding compatible with the presence
of right ventricular volume overload and pressure overload, respectively. The left ventricle has assumed a classic D-shaped config-
uration, indicating impaired left ventricular relaxation. The right ventricle is appreciably dilated and markedly hypokinetic, with little
change in the apparent right ventricular area from diastole to systole. There is a small pericardial effusion (PE). Reprinted from
Come”" with the permission of the publisher.
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of 18 U per kilogram of body weight per hour, but
not exceeding 1600 U per hour, in otherwise healthy
patients) usually rapidly results in a therapeutic par-
tial-thromboplastin time of 60 to 80 seconds. The
use of heparin nomograms facilitates proper dos-
ing.”” In patients who appear to have a resistance to
heparin, arbitrarily defined as a requirement for more
than 50,000 U of heparin per 24 hours, measure-
ment of the plasma heparin level rather than the par-
tial-thromboplastin time may avoid unnecessary dose
escalation.” Plasma heparin levels are also useful for
titrating heparin concentrations in the presence of a
prolonged partial-thromboplastin time at base line
due to lupus anticoagulants.

Heparin without oral anticoagulation is used
throughout pregnancy to manage pulmonary embo-
lism.7® Heparin is also used as short-term or long-
term therapy in some patients with venous throm-
bosis associated with metastatic cancer, because oral
anticoagulation usually fails to prevent recurrent
thrombosis.8® Recently, inpatient administration of
low-molecular-weight heparin has been shown to
be as safe and effective as unfractionated heparin
to treat hemodynamically stable pulmonary embo-
lism 8182

Although the insertion of inferior vena caval filters
can usually prevent major pulmonary embolism,33
filters appear to offer no advantage in patients with
proximal deep venous thrombosis with free-floating
thrombi.3¢ Filters do not halt the thrombotic proc-
ess; large venous collateral vessels may develop; and
in rare cases, caval thrombosis accompanied by mas-
sive edema of the legs may ensue. Furthermore, in a
randomized, controlled trial of 400 patients with
deep venous thrombosis, inferior vena caval filters
plus anticoagulation did not reduce the two-year
mortality rate, as compared with anticoagulation
alone.$5 However, an inferior vena caval filter is war-
ranted in patients with pulmonary embolism in the
presence of active hemorrhage or recurrent pulmo-
nary embolism despite intensive and prolonged an-
ticoagulation.

Warfarin can be safely started once a therapeutic
partial-thromboplastin time or heparin level has been
achieved. Loading of warfarin does not shorten the
five-day period needed to achieve adequate oral an-
ticoagulation, and an initial daily dose of 5 mg (rath-
er than 10 mg) is often sufficient.86 Factor VII, the
main coagulation factor affecting the prothrombin
time, has a half-life of about six hours. However,
true anticoagulation requires the depletion of factor
IT (thrombin), which takes about five days. There-
fore, at least five days of continuous intravenous
heparin is recommended. In general, the initial tar-
get international normalized ratio (INR) should be
3.0, because concomitant administration of unfrac-
tionated heparin usually prolongs the INR by an ad-
ditional 0.5, thus yielding an effective INR due to

warfarin alone of 2.5. After hospital discharge, the
risk of bleeding complications?” and thromboem-
bolic eventss® can be minimized by having a central-
ized anticoagulation clinic monitor the patient. Re-
cently, the Food and Drug Administration (FDA)
approved devices for monitoring the prothrombin
time at home. Analogous to blood glucose home-
monitoring devices, these devices may ultimately im-
prove anticoagulation control.®

Patients with the antiphospholipid antibody syn-
drome who are being treated for pulmonary em-
bolism appear to require more intensive anticoagula-
tion than other patients with pulmonary embolism.
However, accurate monitoring of oral anticoagulation
in these patients may require special laboratory tests.!

The optimal duration of anticoagulation after pul-
monary embolism remains uncertain. A treatment
period of six months prevents far more recurrences
than a period of six weeks among patients with a
first episode of pulmonary embolism.?2 An indefinite
(lifelong) period of anticoagulation should be con-
sidered in patients with recurrent pulmonary embo-
lism if the risk of major bleeding is low.?3 For pa-
tients with deficiencies of antithrombin III, protein
C, or protein S, several years rather than lifelong an-
ticoagulation may suffice.52 Whether patients with
factor V Leiden and pulmonary embolism should
receive prolonged courses of anticoagulation re-
mains sharply debated.®*

Heparin-induced thrombocytopenia®® causes ven-
ous thrombosis more often than arterial thrombo-
sis.?6 Although rapid loading of warfarin used to be
recommended, this strategy may precipitate venous
gangrene of the limbs, possibly as a result of a pre-
cipitous warfarin-mediated decline in protein C lev-
els.” Appropriate treatment approaches include use
of a heparinoid®® or direct thrombin inhibitor.?®

Thrombolysis can be lifesaving in patients with
massive pulmonary embolism, cardiogenic shock, or
overt hemodynamic instability.!0¢ There appears to
be a 14-day window for its effective administra-
tion.101 Controversy persists regarding the use of
thrombolytic therapy in patients with stable systemic
arterial pressure and right ventricular dysfunction
(usually documented by echocardiography). In this
population, rapid improvement of right ventricular
function and pulmonary perfusion, accomplished
with thrombolytic therapy in addition to heparin,
may lead to a lower rate of recurrent pulmonary
embolism than with heparin alone.l92 Multivariate
analysis of the patients in the MAPPET registry sug-
gested that those who were initially treated with
thrombolysis plus anticoagulation had better clinical
outcomes than those who were initially treated with
anticoagulation alone.!%® However, the potential
benefit must be weighed against the risk of major
hemorrhage, which rises with increasing age and
body-mass index.10¢
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If aggressive intervention is warranted in patients in
whom thrombolysis is contraindicated or unsuccess-
tul, transvenous catheter embolectomy!%5 or open sur-
gical embolectomy%6 should be considered. Throm-
bectomy can be accomplished with the use of a
newly developed catheter that delivers high-velocity
jets of saline that draw thrombus toward the catheter
tip and subsequently pulverize the clot.!9” Another
interventional approach combines mechanical frag-
mentation with pharmacologic thrombolysis.1o8 Dur-
ing the treatment of such critically ill patients, nor-
epinephrine or dobutamine may be required to
maintain the mean arterial pressure and thus ensure
adequate perfusion of the right coronary artery.1%?

Patients with chronic thrombotic involvement of
large pulmonary arteries and cor pulmonale may be
candidates for pulmonary thromboendarterectomy.
After the institution of cardiopulmonary bypass and
deep hypothermia, incisions are made in both pul-
monary arteries to remove organized thrombi.!1?
When this approach is successful, pulmonary hyper-
tension will abate during the first few postoperative
months and the quality of life will improve. Among
properly selected patients at experienced centers, the
mortality rate ranges from 5 to 10 percent. The in-
ability to remove sufficient thrombotic material at
surgery (resulting in persistent postoperative pulmo-
nary hypertension and right ventricular dysfunction)
and severe reperfusion-associated lung injury are the
two major causes of death.

PREVENTION

Prevention of pulmonary embolism is of para-
mount importance because the disorder is difficult
to detect, and treatment of established pulmonary
embolism is not universally successtul.!!! The specif-
ic regimen that is chosen is less important than en-
suring that all hospitalized patients are evaluated
and stratified according to the risk of pulmonary
embolism and that appropriate prophylaxis is imple-
mented.112

Mechanical approaches to prevention include the
use of graduated-compression stockings, devices that
provide intermittent pneumatic compression, and
inferior vena caval filters alone or in combination. In
addition to increasing venous blood flow in the legs,
intermittent pneumatic compression increases en-
dogenous fibrinolysis by stimulating the vascular en-
dothelial wall.113-115 This approach also had the high-
est rate of compliance among patients in an intensive
care unit. Among less critically ill patients, however,
compliance may not be adequate.!'¢ Foot pumps,
which compress the plantar venous plexus, have also
been used as prophylaxis, but they have not been
investigated extensively in randomized, controlled
studies.!!”

Until recently, fixed, low doses of subcutancous
unfractionated heparin have been used for perioper-
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ative prophylaxis.!!® This strategy does not require
laboratory monitoring and reduces the rate of fatal
pulmonary embolism by two thirds.!!? The initial in-
jection is administered two hours before the skin is
incised. Heparin is continued until the patient is
discharged and fully ambulatory. Low-molecular-
weight heparins have increasingly replaced unfrac-
tionated heparin because of their superior bioavail-
ability and absorption, the need for less frequent
injections, and lower rates of heparin-induced throm-
bocytopenia.!2® Three low-molecular-weight heparins
— enoxaparin, dalteparin, and ardeparin — and one
heparinoid, danaparoid,!2! have received FDA approv-
al for specific prophylactic indications. Unlike enox-
aparin and dalteparin, ardeparin has been approved
for use in a weight-adjusted dose rather than a fixed
dose.122 Although aspirin probably has slight efficacy
in preventing pulmonary embolism,!2? it should not
be used as the only pharmacologic agent.

Table 2 lists various approaches to prophylax-
is.12¢131 However, several aspects of the prevention
of pulmonary embolism remain problematic. Dur-
ing total knee replacement, deflation of the tourni-
quet is associated with a high rate of pulmonary em-
bolism. In one study, in all 29 patients who were
monitored with transesophageal echocardiography
during tourniquet deflation, showers of echogenic
material, lasting for 3 to 15 minutes, were noted in
the right atrium and right ventricle. These showers
caused transient hypotension and transient increases
in pulmonary vascular resistance. The composition
of this echogenic material is uncertain but could be
thrombus, cement, or bone marrow.!32

Controversy surrounds the optimal timing, inten-
sity, and duration of prophylaxis after total hip and
knee replacement. In Europe, it is customary to ini-
tiate low-molecular-weight heparin on the night be-
fore total hip or knee replacement, followed by
once-daily injections thereafter. In North America,
however, twice-daily injections of low-molecular-
weight heparin are usually initiated postoperatively,
without preoperative anticoagulation.

For total hip replacement,!33-135 four to six weeks of
low-molecular-weight heparin postoperatively may
be more effective than restricting treatment to the ini-
tial period of hospitalization. Some authors have pro-
posed limiting the duration of postoperative antico-
agulation to 10 days, with the administration of either
30 mg of enoxaparin subcutaneously twice daily!3¢ or
warfarin with the use of a target INR of 2.0 to 3.0.1%7
Among 3016 patients who underwent total hip re-
placement, postoperative treatment with 30 mg of
enoxaparin every 12 hours or warfarin only during
hospitalization was associated with just four fatal pul-
monary embolisms during the first three postopera-
tive months (Colwell CW Jr, et al.: personal commu-
nication). Deciding to continue prophylaxis at the
time of discharge on the basis of venous ultrasonog-
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TABLE 2. APPROACHES TO THE PREVENTION
OF VENOUS THROMBOEMBOLISM.

CONDITION OR PROCEDURE PROPHYLAXIS*

General surgery Unfractionated heparin, 5000 U two or
three times daily

Enoxaparin, 40 mg/day SC

Dalteparin, 2500 or 5000 U/day SC

Nadroparin, 3100 U/day SCt

Tinzaparin, 3500 U/day SC, with or with-
out graduated-compression stockingst

Warfarin (target INR, 2.5)f

Intermittent pneumatic compression!2+

Enoxaparin, 30 mg SC twice daily!25§

Danaparoid, 750 U SC twice daily

Enoxaparin, 30 mg SC twice daily!26§

Ardeparin, 50 U/kg SC twice daily!'?7

Graduated-compression stockings and inter-
mittent pneumatic compression, with or
without unfractionated heparin, 5000 U
twice daily

Total hip replacement

Total knee replacement

Neurosurgery

Trauma (non-brain) Enoxaparin, 30 mg SC twice daily!?8

Thoracic surgery Graduated-compression stockings, intermit-
tent pneumatic compression, and unfrac-
tionated heparin, 5000 U three times daily

Uncomplicated coronary-
artery bypass grafting

Graduated-compression stockings, with or
without unfractionated heparin, 5000 U
two or three times daily

General medical condition
requiring hospitalization

Graduated-compression stockings, intermit-
tent pneumatic compression, or unfrac-
tionated heparin, 5000 U two or three
times daily!®

Condition requiring hospi-
talization in the intensive

Graduated-compression stockings and inter-
mittent pneumatic compression, with or

care unit without unfractionated heparin, 5000 U
two or three times daily
Pregnancyy Dalteparin, 5000 U/day SC30

Enoxaparin, 40 mg,/day SC'3!

*SC denotes subcutaneously.

1This drug has not been approved for use by the Food and Drug Ad-
ministration.

tWarfarin is started the night before surgery, usually in a dose of 5 mg.
INR denotes international normalized ratio.

§In Europe, the customary approach to prophylaxis in patients undergo-
ing joint replacement is to give 40 mg of enoxaparin the night before sur-
gery and then 40 mg once daily thereafter.

Y Prophylaxis is used in women with a history of idiopathic pulmonary
embolism or deep venous thrombosis.

raphy may be misleading. In a meta-analysis of hip-
replacement and knee-replacement studies, venous ul-
trasonography (as compared with contrast venogra-
phy) had only a 62 percent sensitivity for detecting
proximal deep venous thrombosis.!38

In a survey of patients in medical intensive care
units, deep venous thrombosis developed in one
third, and half of these cases involved the proximal
portion of the leg.13® Patients in intensive care units
are often poor candidates for pharmacologic pro-
phylaxis because of overt bleeding or thrombocyto-
penia. Leg ulcers, wounds, or peripheral arterial oc-
clusive disecase may preclude the use of intermittent
pneumatic compression.

CONCLUSIONS

We have recently gained a better understanding of
environmental and inherited risk factors for venous
thromboembolism. A wide array of diagnostic tools
maximizes our ability to detect or rule out pulmo-
nary embolism. New appreciation of the importance
of right ventricular dysfunction in patients with pul-
monary embolism enables us to prognosticate more
precisely. Finally, the expansion of options for pro-
phylaxis facilitates the prevention of this potentially
serious disorder.
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