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In'one study of DVT patients, nearly 50% had two or more of the following: swelling .
above or below the knee, recent |mmob|I|zat|on history of cancer, and fever.”

Brydon J.B. Grant, MD, anq All A. El-Solh, MD

P ulmonary embolism (PE) is a
leading preventable cause of
morbidity and mortality. Despite
increased understanding of its
pathogenesis, its incidence does
not seem to have changed over the
past 30 years.' It has been esti-
mated that about 630,000 cases of
PE occur in the United States an-

nually? and that about 10% of pa-

tients with acute PE expire thhm

an hour of onset.

Autopsy studies suggest that
only one third of all cases of PE are
diagnosed ante mortem.** Because
PE can be clinically silent, prophy-
laxis is an important therapeutic ap-
proach, although it is not commonly
implemented by physicians or sur-
geons.’ All these data reflect the
need for a more aggressive ap-
proach to diagnosing and treating
this preventable disorder.

PATHOGENESIS

The Virchow triad—stasis, intimal
injury, and hypercoagulability—has
been recognized since the nine-

"K!Y PIM(TI(E POINTS

teenth century as a predisposing
factor for the formation of thrombi.
In a low-flow state (eg, bed rest),
platelet aggregates form proximal
to the venous valves of the leg and
release potent mediators that initi-

The acute onset of dyspnea
is the most common
symptom of pulmonary
, emboli.
' |

“An esumated 19% of patients
‘have had at least one prior -
chinically recognized episode
of DV’ or_PE.'__. o

-

'Upto 20% ofpatlents being

" treated for recurrent PE or
DVT develop a new venous

thromboembolism while
undergoing treatment. ‘

1
ate a cascade of events leading to
thrombus formation. Depending on
local fibrinolytic activity, the throm-
bus either resolves or propagates.
Conditions that promote hyperco-
agulable states (eg, antithrombin ITI,
protein S, or protein C deficiency;
factor V abnormality; estrogen ther-
apy) tend to favor further growth. On
the other hand, such factors as mo-
bility and anticoagulation tilt the bal-
ance in favor of fibrinolysis and re-
duce the formation of new thrombi.
The current pathogenetic under-

" standing is that the majority of PEs

arise as a complication of deep-vein
thrombosis (DVT) of the lower limbs,
and, in fact, the source of PE has been
traced to the deep venous system of
the lower extremities in more than
90% of cases."” Thrombi formed in
the calf veins generally remain in that
region and rarely cause clinically sig-
nificant PE. However, in the presence
of extensive pulmonary vascular dis-
ease, emboli from calf-vein thrombi
may attain considerable significance.
In about 20% of patients with such
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Fever rarely =38.5°C

Findings on lung
exam

* Dyspnea
» Plauritic pain
» Tachypnea

+ Exacerbation
of COPD

» Cracklas
» Wheazing

thrombi, the thrombi extend proxi-
mally to involve the popliteal veins
and more proximal vessels. In this
condition, the femoral and iliac veins
may harbor a significant load of loose
venous thrombi that are capable of
breaking off at any time and lodging
in the pulmonary arteries.

Evidence for this concept derives
from studies using impedance ple-

thysmography (IPG), which detects
proximal-vein thrombosis but only
30% of calf-vein thromboses.* When
anticoagulant therapy was withheld
in patients with suspected DVT on
the basis of negative serial IPG, the
occurrence of PE during follow-up
was extremely low’ In addition,
about 50% of patients with proximal-
vein thrombosis had ventilation-per-

Findings on cardiac

exam

* Mew-onsel cardiac
arrhythmia

= Wersening of CHF

« Anginal pain

* Tachycardia

» Accentuated
pulmonic

ant of 2nd

heart sound

« Right-heart 3rd or 4th
hmmnd
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fusion (V/Q) lung scans that were in-
dicative of PE."™" There was no ad-
verse outcome associated with not
treating calf-vein thrombosis with
anticoagulants unless serial studies
detected extension into the proximal

veins.* 2
Some experts believe that calf-
vein thrombosis without proximal ex-
continuea
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Thromboembolic disease (continued)

tension is of concern for two reasons:
T first, an increased risk of recurrence
if anticoagulants are withheld, and
second, the possible association of
calf-vein thrombosis with sympto-
matic PE.** The clinical significance
of these potential sequelae has yet to
be determined.

Other venous sites are rarely im-
plicated in acute PE. Among reported
sites are the upper extremities, the
right cardiac chambers, and the renal
and (very rarely) hapatic veins. In
most cases, a predisposing factor can
be identified. Indwelling central ve-
nous catheters, temporary pacemak-
ers, and right ventricular failure are
the usual culprits.

The majority of nonfatal PEs re-
solve without residual clinical ab-
normalities. However, in a small
minority of cases (approximately
0.1%-0.5%"), they do not resolve.
If residual pulmonary arterial ob-
_struction is significant, the patient
develops chronic thromboembolic
pulmonary hypertension.

| FACTORS PREDISPOSING TO

DVT AND PE

| The major risk factor for PE is recent
immobilization. Data from the Pro-
| spective Investigation of Pulmonary
1 Embolism Diagnosis (PIOPED) re-
1 veal that more than 50% of patients
{ had a history of immobilization
| within 3 months of suffering an acute
{ PE.*

Previous DVT or PE is another
| important risk factor for venous
thromboembolism, with an estimated
-19% of treated patients having had at
"least one clinically recognized prior
episode.” Further, 10% of patients
who were receiving treatment for a
first episode and up to 20% of those

who were being treated for a recur-
rence developed a new venous throm-
boembolism while they were under-
going treatment.”®

Pregnancy, particularly the post-
partum period, has been associated
with an incidence of venous throm-
boembolism up to 20 times higher
than that in comparable nonpreg-
nant women."” In fact, PE is a lead-
ing cause of maternal death follow-
ing childbirth.

Pancreatic, gastrointestinal, lung,
and gynecologic cancers have been
associated with an increased state of
coagulability. Whether the observed
relationship between malignancy and
venous thromboembolism has to do
with procoagulant factors released
by the tumor or with an associated
comorbid state has yet to be fully
elucidated. Other predisposing fac-
tors to increased coagulability in-
clude congestive heart failure, obe-

Wy omacrice ponrs

The proximal veins of the
legs are the major source of
pulmonary emboli.

|
A decreased PaO, with
hypocapnia is highly
suggestive of PE, but a
normal PaO, or A-aDO,
does not exclude it.

.
The chest x-ray shows
elevation of the
hemidiaphragm in 25% of
PE patients; this is seen
more often in those with

massive embolization. '

sity, stroke, trauma, and hypercoagu-
lable states.

Recently, resistance to activated
protein C (APC), a key element in
one anticoagulant pathway, has been
implicated in the pathogenesis of fa-
milial venous, thromboembolic dis-
ease.® APC achieves its anticoagu-
lant effect by” degrading activated
factor VIII and factor Va. Factor V,
although a procoagulant protein, has
anticoagulant activity by acting as a
cofactor for APC. A molecular defect
in factor V decreases its anticoagu-
lant activity without affecting its pro-
coagulant activity, resulting in a hy-
percoagulable state. This genetic
defect seems to be 5 to 10 times more
common than antithrombin HI, pro-
tein C, or protein S deficiency.

CLINICAL PRESENTATION OF
DVT AND PE r
DVT. The clinical diagnosis of DVT

is notoriously unreliable, although

" there are some guidelines for the di-

agnosis of proximal-vein thrombosis.
In one study, nearly half of patients
were reported to have at least two of
the five following hallmarks: swelling
above the knee of the affected leg;
swelling below the knee; recent im-
mobilization; history of cancer; and
fever.

Other symptoms and signs of
DVT are calf pain, a sense of “full-
ness” in the leg while standing or
walking, increased skin temperature,
erythema, and a palpable cord.
Homan’s sign, which involves ten-
demess on compression of the calf
muscle or pain on dorsiflexion of the
foot, is neither sensitive nor specific
for DVT.

The differential diagnosis of DVT
includes superficial thrombophlebitis,
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a tomn calf muscle, hematoma, cel-
lulitis, congestive cardiac failure, and
Baker’s cyst.
PE. In general, the clinical mani-
festations of PE correlate with the
, size of the embolus. A small PE may
| go undetected, whereas a massive
PE can kill instantaneously. At the
extremes, PE may present silently
in association with proximal-vein
thrombosis without any symptoms
referable to the chest,"" or it may pre-
sent as a cardiac arrest (Figure 1).
Between these extremes, three clini-
cal syndromes have been described:
(1) pleuritic pain or hemoptysis asso-
ciated with pulmonary hemorrhage or
infarction; (2) circulatory collapse as-
sociated with a massive embolism;
and (3) isolated onset of dyspnea.”

Acute onset of dyspnea, pleuritic
pain, and tachypnea are the primary
symptoms of PE." A new-onset car-
diac arrhythmia, worsening conges-
tive heart failure, or exacerbation of
chronic obstructive pulmonary dis-
ease should raise the suspicion of
possible acute PE. Syncope and angi-
nal pain are a reflection of decreased
cardiac output and- right-ventricular
ischemia, respectively, in the setting
of massive PE.

Tachypnea and tachycardia are the
| most frequently reported signs of PE.
Cardiac examination reveals an oc-
casionally accentuated pulmonic
component of the second heart sound,
a right-heart third or fourth heart
sound, and a right-ventricular lift,
particularly with a large PE. Early ex-
amination of the lungs may yield nor-
mal results, but crackles may later be
heard with the development of at-
| electasis. A friction rub and wheez-
ing may be heard on some occasions.
A pleural effusion of less than one
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third of a hemithorax may be present
in some 50% of patients' and is usu-
ally detected radiographically. Fever,
if present, rarely exceeds 38.5°C.

The differential diagnosis of acute
PE includes the following: acute my-
ocardial infarction (MI), aortic dis-
section, pneumothorax, pericarditis,
and pneumonia.

MAKING THE DIAGNOSIS
The diagnostic reference test for
DVT is contrast venography; for PE,
it is pulmonary angiography. Pro-
spective trials have shown that anti-
coagulants can safely be withheld in
patients with suspected DVT and a
negative venogram® and from pa-
tients with suspected PE and a nega-
tive pulmonary angiogram.*

DVT. Although they carry less
risk and expense, noninvasive tests
also have less diagnostic accuracy.

Compression ultrasonography
has become the principal noninvasive
test for the diagnosis of DVT and has
superseded PG in many institu- ;
tions.” Although its accuracy in de-

tecting calf-vein thrombosis in
asymptomatic patients is poor, it is
more accurate than venography for
the detection of proximal-vein throm-
bosis in patients with suspected

DVTZG
Compression ultrasonography  is
valuable in the management of pa-
tients with suspected DVT? With-
holding anticoagulants on the basis of
negative serial compression ultra-
sonography over a 7-day period has
been associated with a 1.5% inci-
dence of venous thromboembolism
over 6 months of follow-up.” This
low incidence of DVT compares fa-
vorably with the 1.3% incidence seen
continued
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| When a similar management plan was
followed on the basis of negative con-
| trast venography.”

Other methods of diagnosing DVT,
such as radioactive fibrinogen uptake
scanning, are not available in most
centers. Nuclear magnetic resonance
Imaging is expensive, and nuclear
venograms are insufficiently sensitive

and specific for this diagnosis.

An algorithm for the management
of patients with suspected DVT is
given in Figure 2.

PE. Laboratory tests are nondiag-
nostic in most cases of PE, but they
can be useful in ruling out conditions
that mimic PE clinically. The white
blood cell count is usually normal or
slightly elevated in PE. A decrease in
the partial pressure of arterial oxygen

(PaO,) along with hypocapnia is
highly suggestive of PE, but a normal

PaO, or alveolar-arterial difference -
for O, (A-aDO,) does not exclude it.
The chest x-ray may be completely
normal in acute PE. Elevation of the
hemidiaphragm is observed in ap-
proximately 25% of patients with PE
and is seen more frequently in those
continued
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-Throﬁmboembolic disease (coh;i;tuedj‘

with massive embolization. Atelec-
tasis, unilateral pleural effusion, and
pleural-based opacities are occasion-
ally identified. Decreased peripheral
pulmonary vascularity with abnormal
radiolucency in some areas, known as
the Westermark sign, often with
prominence of the proximal pul-
monary artery segment, is helpful but
not specific.’

In most patients with PE, the elec-
trocardiogram shows sinus tachycar-
dia or nonspecific ST-segment or
T-wave abnormalities. Supraventric-
ular tacharthythmias (atrial fibrilla-
tion or flutter) can be an early mani-
festation of acute PE. A right-axis
deviation, incomplete right bundle-
branch block, or S,QT, pattem is
seen predominantly in patients with
: massive PE.

Levels of D-dimers, degradation
products of crosslinked fibrin, are
usually elevated in DVT, PE, and
acute MI, although their diagnostic
role is controversial and their value
may be greater in excluding than con-
fiming the diagnosis of PE. D-Dimer
levels are measured by ELISA (en-
zyme-linked immunosorbent assay),
which has a high specificity and low
sensitivity, although further studies
are needed to define the role of this
measurement. However, it has been
suggested that PE can be eliminated
in patients with plasma levels of D-
dimers below 500 pg/L.»®

V/Q scanning is currently the prin-
cipal noninvasive test for the diagno-
sis of PE and should be considered in
all patients with suspected PE, even
those with preexisting cardiopul-

monary disease. The scan is per-
formed by intravenous injection of
¥nTechnetium-labeled macroaggre-
gated albumin, which distributes in
the pulmonary arteries in proportion
to blood flow. If the perfusion scan
results are abmermal, a ventilation
scan is recommended. The PIOPED
classification of V/Q scans® is sum-
marized in Figure 3, and an algorithm
for the management of patients with
suspected PE is given in Figure 4.

A high-probability V/Q scan has
an 87% positive predictive value that
a PE will be found on pulmonary an-
giography. Thus, a high-probability
V/Q scan is useful for confirming the
diagnosis of PE, and a normal scan
virtually rules out the diagnosis.
Unfortunately, only a minority of pa-
tients have a high-probability or near-
nommal V/Q scan. Nonetheless, a
low-probability scan has a 14% pos-
itive predictive value for PE.* '

The V/Q scan is nondiagnostic in
about 75% of patients with suspected
PE. Some will have positive venous
studies for proximal-vein thrombosis, -
for which the treatment is the same
as for PE; therefore, no further in-
vestigation is necessary. Patients
whose initial venous studies are neg-
ative should undergo pulmonary an-
giography. However, this approach
can create a considerable financial
burden for many institutions.

Pulmonary angiography carries
a relatively low risk when performed
by an experienced operator.” Two an-
giographic findings are highly sug-
gestive of PE: abrupt vascular cutoff
and intraluminal filling defect. Other
abnormalities have been described
but are less reliable, particularly in pa-
tients with less extensive PE.

continued
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Potential complications of pul-
monary angiography include bleed-
ing, renal failure, allergic reaction to
the contrast agent, pulmonary artery
rupture, and cardiopulmonary arrest.
Critically ill patients are the most
susceptible to these complications.
Those with renal disease, right-ven-
tricular failure, or bleeding diathesis
are also prone to complications.

Various approaches to limiting the
need for pulmonary angiography
have been proposed (Figure 5). In one
study, patients with suspected PE and
no severe cardiopulmonary disease
who had nondiagnostic (indetermi-
nate or low-probability) V/Q scans
were not given anticoagulation unless
the initial IPG (on day zero) was pos-
itive or subsequent studies became
positive. Serial studies were per-

formed on the first, third, and fifth or
seventh, tenth, and fourteenth day af-
ter presentation.® Following this ap-
proach, the rate of venous throm-
boembolism in 414 patients was 3%,
similar to the rate (1%) in the 315 pa-
tients with normal V/Q scans.

Other investigators have proposed
a strategic approach that combines
V/Q scanning with clinical assess-
ment and noninvasive tests for prox-
imal-vein thrombosis.” Ensuring the
accuracy and precision of clinical as-

- sessments is a difficult problem, one

that has been addressed by several in-
vestigators.” For example, it has
been suggested that an indetermi-
nate-probability V/Q scan be con-
sidered confirmatory of PE unless the
patient has no history of immobi-
lization in the preceding 3 months, is

<59 years old, and has pulmonary
edema and a left pleural effusion on
chest x-ray.® In patients with low- |
probability V/Q scans, PE may be
considered unlikely unless there is a
history of immobilization and no pul-
monary edern@ on chest x-ray,”
These apprpaches are based on ret-
rospective data and have not been val-
idated by prospective trials. Never-
theless, they -may be of value in
patients at high cardiopulmonary risk
when pulmonary angiography is un-
available and the patient cannot be
transferred to another facility. O

Next month, the authors discuss
therapy and prophylaxis.

References

1. Lindblad B, Stemnby NH, Berggvist D: Incidence of ve-
mmmbosnsvenﬁedbynecmpsyoverwym BMJ
308:891, 1991

2. Dalen JE, Alpert JW: Nawral history of PE. Prog
Cardiovasc Dis 17:259, 1975.

3. Goldhaber SZ, Hennekens CH, Evans DA, et al: Factors
associated with correct antemortem diagnosis of major pul-
monary embolism. Am J Med 73:822, 1982.

4. Rubinstein I, Murray D, Hoffstein V: Fatalwltmmw
emboli in hospitalized patients: an autopsy study. Arch
Intern Med 148:1425, 1988.

5. Anderson FA Jr, Wheeler HB, Goldber RJ, et al: Chang-
ing clinical practice: prospective study of the impact of
continuing medical education and quality essvrance pro-
grams on use of prophylaxis for venous thromboembolism.
Arch Intern Med 154:669, 1994.

6. Browse NL, Thomas ML: Source of nonlethal pul-
monary emboli. Lancet 1:258, 1974,

7. Havig GO: Source of pulmonary emboli. Acta Chir
Scand 478(suppl):42, 1977.

8. Hull R, Taylor DW, Hirsh J: Impedance plethysmogra-
phy: the relationship between venous filling and sensitiv-
ity and specificity for proximal vein thrombosis. Circula-
tion 58:896, 1978.

9. Hull RD, Hirsh J, Certer CJ, et al: Diagnostic efficacy
of impedance plethysmography for clinically suspected
deep vein thrombosis: a randomized trial. Ann Intern Med
102:21, 1985.

10. Moser KM, LeMoine JR: Is embolic risk conditioned
by localization of deep venous thrombosis? Ann Intern
Med 94:439, 1981,

11, Huisman MV, Biiller HR, Ten Cate JW, et al: Unex-
pected high prevalence of silent pulmonary embolism in
patients with deep venous thrombosis. Chest 95:498, 1989.
12. Huisman MV, Billler HR, Ten Cate JW, et al: Senal
impedance plethysmography for suspected deep vein
thrombosis in outpatients. N Engl J Med 314:823, 1986,

continued on page 46

HOSPITAL MEDICINE / NOVEMBER 1995
24




Thromboembolic disease .-

continued from page 24

pected high prevalence of silent pulmonary embolism in
patients with deep venious thrombosis. Chest 95:498, 1989.
12. Huisman MV, Biiller HR, Ten Cate JW, et al: Serial
impedance plethysmography for suspected deep vein
thrombosis in outpatients. N Engl J Med 314:823, 1986.
13. Lagerstedt CI, Olsson C-G, Fagher BO, et al: Need for
long term anticoagulant treatment in symptomatic calf-vein
thrombosis. Lancet 2:515, 1985.

14. Monreal M, Ruiz J, Olazabal A, et al: Deep venous
thrombosis and the risk of pulmonary embolism: a sys-
tematic study. Chest 102:677, 1992.

15. Fedullo PF, Anger WR, Charick C, et al: Chronic
thromboembolic pulmonary hypentension. Clin Chest Med
16:353, 1995.

16. Stein PD, Tewin ML, Hales CA, et al: Clinical, labo-
ratory, roentgenographic, and electrocardiographic findings
in patients with acute pulmonary embolism and no preex-
isting cardiac or pulmonary disease. Chest 100:598, 1991.
17. Anderson FA Jr, Wheeler HB: Physician practices in
the management of venous thromboembolism: a commu-
nity-wide survey. J Vasc Surg 15:707, 1992.

18. Hull R, Hirsh J, Jay R: Different intensities of antico-
agulation in the long term treatment of proximal vein
thrombosis. N Engl J Med 307:1676, 1982.

19. Carter C, Gent M: The epidemiology of venous throm-
bosis, in Coleman RW, Hirsh J, Salzman EW (eds):
Hemostasis and Thrombosis: Basic Principles and Clinical
Practice. Philadelphia, JB. Lippincot, 1987, pp 805-810.
20. Svensson P, Dahlback B: Resistance to activated pro-
tein C as a basis for venous thrombosis. N Engl J Med
330:517, 1994.

21, Landefeld CS, McGuire E, Cohen AM: Clinical findings
associated with acute proximal deep vein thrombosis: a ba-
sis for quantifying clinical judgment. AmJ Med 88:382, 1990.
22, Stein PD, Gottschalk A, Saltzman HA, et al: Diagnosis
of acute pulmonary embolism in the elderly. J Am Coll
Cardiol 18:1452, 1991.

23. Hull RD, Hirsh J, Sackett DL, et al: Clinical validity
of a negative venogram in patients with clinically suspected
venous thrombosis. Circulation 64:622, 1981.

24. Stein PD, Athanasoulis C, Alavi A, et al: Camplications
and validity of pulmonary angiography in acute pulmonary
embolism. Circulation 85(2):462, 1992.

25. Grant BJB: Noninvasive tests for acute venous throm-
boembolism. Am J Respir Crit Care Med 149:1044, 19%4.
26. Lensing AWA, Prandoni P, Brandjes D, et al: Detection
of deep-vein thrombosis by real-time B-mode ultrasortog-
raphy. N Engl J Med 320:343, 1989.

27. Heijboer H, Biiller HR, Lensing AWA, et al: A com-
parison of real time compression ultrasonography with im-
pedance plethysmography for the diagnosis of deep vein
thrombosis in symptomatic outpatients. N Engl J Med
329:1365, 1993.

28. Bounameaux H, Cirafici P, De Moerloose P, et al:
Measurement of D-dimer in plasma as diagnostic aid in
suspected pulmonary embolism. Lancer 337:196, 1991
29. PIOPED Investigators: Value of the ventilation/perfu-
sion scan in acute embolism. JAMA 263:2753, 1990.

30. Hull RD, Raskob GE, Coates G, et al: A new nonin-
vasive management strategy for patiems with suspected
pulmonary embolism., Arch Intern Med 149:2439, 1989.
31. Stein PD, Hull RD, Saltzman HA, et al: Strategy for
diagnosis of patients with suspected acute pulmonary em-
bolism. Chest 103(5):1553, 1993.

32. Patil S, Henry JW, Rubenfire M, et al: Neural network
in the clinical diagnosis of acute pulmonary embolism.

HOSPITAL MEDICINE / NOVEMBER 1995




