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Acute Pulmonary Embolism

Part I: Epidemiology and Diagnosis
Gregory Piazza, MD; Samuel Z. Goldhaber, MD

ase 1: A 54-year-old previ-

ously healthy woman present-

ed to the emergency depart-
ment with a history of several days of
progressive dyspnea. She was taking
combined estrogen-progestin therapy
for symptoms of menopause. On the
basis of elements of her history and
physical examination, she was consid-
ered to have a moderate clinical like-
lihood of pulmonary embolism (PE).
Her D-dimer level was elevated, and a
chest computed tomography (CT) scan
with contrast demonstrated a right
main pulmonary artery embolus. What
is the strongest clinical clue suggesting
PE?

Case 2: A T71-year-old man receiv-
ing hormonal therapy for prostate can-
cer presented to the emergency depart-
ment with acute-onset chest
discomfort, dyspnea, and lower ex-
tremity edema. Laboratory studies re-
vealed normal cardiac biomarkers. The
only electrocardiographic abnormality
was sinus tachycardia; the chest x-ray
was normal. Chest CT with contrast
revealed multiple bilateral pulmonary
emboli. Lower extremity venous ultra-
sonography showed thrombus in the
left femoral vein. Should a D-dimer
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blood test have been ordered before
the chest CT?

Epidemiology

The incidence of venous thromboembo-
lism (VTE), which includes PE and deep
venous thrombosis (DVT), has remained
relatively constant, with age- and sex-
adjusted rates of 117 cases per 100 000
person-years.! VTE incidence rises
sharply after age 60 in both men and
women, with PE accounting for the ma-
jority of the increase.?

The mortality rate associated with
PE is underappreciated; it exceeds
15% in the first 3 months after diag-
nosis.? In nearly 25% of patients with
PE, the initial clinical manifestation is
sudden death.!

Risk Factors
Risk factors for VTE include various
inherited disorders, as well as the ac-
quired conditions of endothelial injury,
stasis, and hypercoagulability (Table).
The majority of patients present with a
combination of risk factors.

Inherited Conditions
Inherited thrombophilias are often sus-
pected in patients with VTE at a young

age, multiple family members with
VTE, idiopathic or recurrent VTE, or
recurrent spontaneous abortions. Major
inherited thrombophilias include factor
V Leiden leading to activated protein C
resistance, prothrombin gene mutation,
and deficiencies of antithrombin III, pro-
tein C, or protein S. The prevalence of
these inherited conditions varies by
population.

Acquired Conditions

Acquired risk factors for VTE are far
more prevalent than inherited throm-
bophilias. Increasing age, smoking,
obesity, personal or family history of
VTE, and recent surgery, trauma, or
hospitalization are well-established
risk factors. Recently, acute infectious
illnesses such as urinary tract infec-
tions have been associated with a tran-
sient increased risk of VTE in the
community setting.* In addition to
physical immobility, long-haul air
travel appears to result in activation of
coagulation and contributes to an in-
creased risk of VTE.> Although estab-
lished malignancy with or without
concomitant chemotherapy is a well-
recognized risk factor, occult malig-
nancy is also associated with an in-
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Major Risk Factors for
Venous Thromboembolism

Inherited
Factor V Leiden mutation
Prothrombin gene mutation

Deficiency of antithrombin Ill, protein C,
or protein S

Acquired
Age
Smoking
Obesity
Malignancy
Antiphospholipid antibody syndrome

Hyperhomocysteinemia (less commonly
inherited secondary to a mutation in
methylenetetrahydrofolate reductase)

Oral contraceptive pills or hormone
replacement therapy

Atherosclerotic disease

Personal or family history of venous
thromboembolism

Recent trauma, surgery, or hospitalization
Acute infection
Long-haul air travel

Pacemaker or implantable cardiac
defibrillator leads and indwelling venous
catheters

creased incidence of VTE. The
incidence of newly diagnosed cancer is
significantly elevated for several years
after a first episode of VTE.®

Antiphospholipid antibody syn-
drome is an acquired hypercoagulable
state that increases the risk for both
venous and arterial thromboembolism,
as well as recurrent fetal loss.” Hyper-
homocysteinemia is also associated
with an increased incidence of arterial
and venous thromboembolism.® Al-
though it may be due to an inherited
deficiency in methylenetetrahydrofo-
late reductase, hyperhomocysteinemia
is most often caused by folate
deficiency.8

The risk of VTE is an important
women’s health issue. In addition to
the known increase in risk associated
with pregnancy, the use of oral contra-
ceptive pills, especially third genera-
tion formulations, has been associated
with an elevated risk of VTE.° The
Women’s Health Initiative docu-
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mented a 2-fold increase in the risk of
VTE among women receiving estro-
gen plus progestin hormone replace-
ment therapy compared with those re-
ceiving placebo.!® Patients with
evidence of atherosclerotic disease
were found to have an increased inci-
dence of VTE compared with control
subjects.!! Pacemaker and internal car-
diac defibrillator leads and long-term
indwelling venous catheters increase
the risk of upper extremity DVT.!2

Evaluation of
Hypercoagulability

Thrombophilia work-ups are generally
reserved for patients in whom there is
a high suspicion for a hypercoagulable
state. The initial evaluation should em-
phasize the most common thrombo-
philias, which include factor V Leiden,
prothrombin gene mutation, antiphos-
pholipid antibody syndrome, and hy-
perhomocysteinemia. Subsequent test-
ing may focus on less prevalent
disorders, such as deficiencies of anti-
thrombin III, protein C, and protein S.

Pathophysiology
Pulmonary emboli most often arise from
the deep veins of the lower extremity
and pelvis. Thrombi dislodge from these
veins and embolize to the pulmonary
arteries, where they cause abnormalities
in hemodynamics and gas exchange.

The hemodynamic response to PE is
determined by the size of the embolus,
the patient’s underlying cardiopulmo-
nary status, and compensatory neuro-
humoral adaptations.’® In addition to
physical obstruction, acute PE leads to
the release of pulmonary artery vaso-
constrictors and hypoxemia, with a
subsequent increase in pulmonary vas-
cular resistance and right ventricular
(RV) afterload.!® The abrupt increase
in RV afterload can cause RV dilata-
tion and hypokinesis, tricuspid regur-
gitation, and ultimately RV failure.!3
Patients with RV failure may rapidly
progress to systemic arterial hypoten-
sion and cardiac arrest. RV pressure
overload can also lead to interventric-
ular septal flattening and deviation to-
ward the left ventricle (LV) in diastole,

thereby impairing LV filling.!* This
manifestation of interventricular de-
pendence also leads to an alteration of
normal transmitral flow with left atrial
contraction, represented by the A wave
on Doppler echocardiography, making
a greater contribution to LV diastole
than passive filling, represented by the
E wave.!* RV pressure overload also
increases wall stress and leads to is-
chemia by increasing myocardial oxy-
gen demand while limiting supply
(Figure 1).13

Mechanisms leading to impaired gas
exchange include ventilation-to-
perfusion mismatch, increases in total
dead space, and right-to-left shunt-
ing.!3 Arterial hypoxemia and an in-
creased alveolar-arterial oxygen gradi-
ent are the 2 most common
abnormalities of gas exchange.'* Hy-
perventilation may contribute to hypo-
capnia and respiratory alkalosis.'> The
presence of hypercapnia suggests mas-
sive PE leading to increased anatomic
and physiological dead space and im-
paired minute ventilation.!?

Diagnosis
The diagnosis of acute PE requires the
integration of a careful history and
physical examination with laboratory
testing and appropriate imaging mo-
dalities. The clinical presentation of
PE can vary widely from one patient to
another. Dyspnea is the most frequent
presenting symptom. Although severe
dyspnea, cyanosis, or syncope sug-
gests a massive PE, pleuritic pain,
cough, or hemoptysis may indicate a
smaller peripherally located PE. On
physical examination, tachypnea is the
most common sign. Of note, patients
without underlying cardiopulmonary
disease may appear anxious but other-
wise well compensated despite an an-
atomically large PE. In contrast, pa-
tients with massive PE may present
with hypotension, cardiogenic shock,
or cardiac arrest. Patients with submas-
sive PE fit between these 2 extremes.
They have preserved systolic blood
pressure but exhibit signs of RV fail-
ure, including tachycardia, distended
neck veins, tricuspid regurgitation, and
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Figure 1. The pathophysiology of right ventricular dysfunction secondary to acute pul-
monary embolism. PVR indicates pulmonary vascular resistance; O,, oxygen.

an accentuated sound of pulmonic clo-
sure (P2).

The laboratory evaluation of sus-
pected PE should rely on the use of
D-dimer testing in appropriately se-
lected patients. A nonspecific marker
of fibrinolysis, D-dimer, as measured
by ELISA, offers a high sensitivity and

high negative predictive value and
therefore has utility in the exclusion of
PE, especially in the emergency room
setting.'# The D-dimer ELISA can be
used to exclude PE in outpatients with
a low to moderate suspicion without
the need for further costly testing.!>
Inpatients should undergo an imaging
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Figure 2. An integrated approach to the evaluation of patients with suspected pulmo-

nary embolism.

study as the initial test for PE because
most will already have elevated
D-dimers secondary to comorbid
conditions.

Electrocardiography may suggest
alternative diagnoses such as myocar-
dial infarction. In patients with PE, the
ECG may reveal signs of RV strain,
including incomplete or complete right
bundle-branch block, T-wave inver-
sions in the anterior precordium, and
an S wave in lead I and a Q-wave and
T-wave inversion in lead III
(S1Q3T3). The ECG may be entirely
normal in young, previously healthy
patients.

The chest x-ray is often normal.
Findings such as focal oligemia (Wes-
termark sign), a peripheral wedge-
shaped opacity (Hampton’s hump), or
an enlarged right descending pulmo-
nary artery (Palla’s sign) are rare.

Chest CT with intravenous contrast
has become the principal diagnostic
imaging modality to evaluate sus-
pected PE. The replacement of single-
detector scanners with newer multide-
tector CT scanners has increased the
detection rate of subsegmental PE and
has virtually eliminated nondiagnostic
studies.'® An overview of chest CT in
the evaluation of suspected acute PE
demonstrated negative predictive val-
ues of 99.1% and 99.4% for pulmo-
nary embolism and mortality attribut-
able to pulmonary embolism,
respectively.!” These data suggest that
chest CT is at least as accurate as
invasive pulmonary angiography.!”

Alternative imaging modalities in-
clude ventilation-perfusion (V/Q) lung
scanning, magnetic resonance (MR)
angiography, transthoracic and trans-
esophageal echocardiography (TTE
and TEE, respectively), and invasive
pulmonary angiography. V/Q scans are
generally reserved for patients with
major renal impairment, anaphylaxis
to intravenous contrast, or pregnancy.
MR angiography is a promising mo-
dality for detecting PE in the proximal
pulmonary arteries and avoids the risks
of iodinated contrast and ionizing
radiation.
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TTE is insensitive for diagnosis but
plays an important role in risk stratifi-
cation of patients with proven acute
PE. TTE detects RV dysfunction in the
setting of RV pressure overload. Echo-
cardiographic findings among patients
with PE include RV dilatation and
hypokinesis, paradoxical interventricu-
lar septal motion toward the LV, tri-
cuspid regurgitation, and pulmonary
hypertension.'® The finding of regional
RV dysfunction with severe free wall
hypokinesis sparing the apex (McCo-
nnell sign) is specific for PE.'" Among
normotensive patients with acute PE,
RV hypokinesis is an independent risk
predictor for early death.?° In hemody-
namically unstable patients, TTE can
be performed rapidly and may reveal
evidence of RV failure suggestive of
PE, as well as other conditions includ-
ing myocardial infarction, aortic dis-
section, and pericardial tamponade.?!
TEE provides direct visualization of
the proximal pulmonary arteries.'s

Invasive pulmonary angiography is
used diagnostically in the rare circum-
stance when other imaging modalities
are nondiagnostic and a high clinical
suspicion for PE persists. Lower ex-
tremity venous ultrasonography re-
vealing DVT may support a clinical
diagnosis of PE when other imaging
modalities are nondiagnostic.

An integrated diagnostic approach is
essential (Figure 2). A prospective co-
hort study used an algorithm consist-
ing of a dichotomized clinical decision
rule, D-dimer testing, and chest CT to
evaluate patients with suspected PE.?2
A modified version of the Wells clin-
ical decision rule assigned 3 points for
clinical signs and symptoms of DVT, 3
points for an alternative diagnosis less
likely than PE, 1.5 points for a heart
rate >100 beats per minute, 1.5 points
for recent immobilization or surgery,
1.5 points for previous VTE, 1 point
for hemoptysis, and 1 point for malig-
nancy receiving treatment or palliative
care within the last 6 months.?> Pa-
tients with 4 or fewer points were
categorized as “pulmonary embolism
unlikely” and those with more than 4
points were classified as “pulmonary
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embolism likely.”??> Patients in the
“pulmonary embolism likely” group
proceeded directly to chest CT,
whereas those in the “pulmonary em-
bolism unlikely” category underwent
D-dimer testing; only patients with
abnormal D-dimers were referred for
chest CT.?2 PE was considered to be
excluded in patients categorized as
“pulmonary embolism unlikely” with
negative D-dimer results and in pa-
tients with negative chest CT scans.??
Use of this simple algorithm permitted
a management decision in 98% of
patients and was associated with a low
risk of VTE.?2

Cases 1 and 2

Case 1 demonstrates the increased risk
of VTE with hormone replacement
therapy in an outpatient without other
known risk factors. The case also high-
lights the diagnostic approach of using
D-dimer in conjunction with an assess-
ment of clinical likelihood. The ele-
vated D-dimer was appropriately fol-
lowed with a chest CT that
documented PE. The history of pro-
gressive, otherwise unexplained dys-
pnea is the strongest clinical clue.

Case 2 emphasizes malignancy as a
potent risk factor for VTE. Standard
tests to evaluate chest discomfort and
dyspnea may be unrevealing. In this
patient, the ECG only demonstrated
sinus tachycardia and the chest x-ray
was normal. The case also highlights
the need to proceed directly to an
imaging study in a patient with a high
clinical likelihood of PE. Lower ex-
tremity ultrasonography revealed the
most likely source of the PE: a left
femoral DVT.
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