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Abstract

Postoperative thromboembolism is a potentially lethal complication. Its diagnosis
may be difficult, as the classic clinical signs and symptoms are often absent, making
a high index of suspicion imperative for diagnosis. Anticoagulant therapy is effec-
tive in reducing morbidity and mortality due to thromboembolism, but is associated
with a substantial rate of bleeding complications in the immediate postoperative
period. Inferior vena cava filters constitute an alternative to anticoagulant therapy,
but are also associated with a substantial complication rate. The appropriate use of
diagnostic tests combined with clinical suspicion can guide the orthopaedic surgeon
in deciding which patients require treatment for thromboembolism.
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Thromboembolism is the most fre-
quent serious complication follow-
ing major orthopaedic surgery.
Without prophylaxis, deep venous
thrombosis (DVT) develops in
approximately 50% of patients who
undergo elective total hip arthro-
plasty, and pulmonary emboli
develop in as many as 20%, 2% of
whom suffer fatal pulmonary
embolism (PE).! Patients undergo-
ing total knee arthroplasty are at
especially high risk for DVT, with
rates reaching 84% in the absence
of prophylaxis; however, lower
rates of PE (7%) and death have
been reported.? Despite modern
prophylaxis, the incidence of
venous thrombosis in elective total
joint arthroplasty is still high, with
venographically confirmed proxi-
mal DVT developing in 2% to 12%
of patients. The high incidence of
DVT and subsequent PE makes it
the most common cause of death
following total joint arthroplasty.
Patients are predisposed to
venous thrombosis if they fulfill the
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elements of Virchow’s triad: venous
stasis, endothelial injury, and hyper-
coagulability. Venous stasis occurs
secondary to long periods of immo-
bilization in the operating room and
delayed, limited, or impaired post-
operative ambulation. Endothelial
injury can be caused either directly,
by surgical trauma to the deep veins
of the lower extremity and the sur-
rounding soft tissues, or indirectly,
by hematoma formation and ther-
mal injury (e.g., from electrocautery
or during cement polymerization).
Torsion of the deep venous system
itself during extremity manipula-
tion has also been demonstrated. A
transient postoperative hypercoagu-
lable state is hypothesized to exist as
part of the normal host response to
surgical insult.

Additional risk factors that may
predispose patients to postopera-
tive thromboembolism are listed in
Table 1. A thorough preoperative
history and physical examination
are essential to identify those at par-
ticularly high risk. Intraoperative

tourniquet time after total knee
arthroplasty has not been shown to
be an independent risk factor for
postoperative thrombosis.23 The
use of postoperative continuous
passive motion has not been shown
to reduce the incidence of postoper-
ative thromboembolism.*

Diagnosis

The diagnosis of DVT and PE may
be difficult to make, as clinical
signs and symptoms are neither
sensitive nor specific for diagno-
sis.1’> Given the high incidence of
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Table 1
Risk Factors for Postoperative
Thromboembolism

Prior thromboembolism
Advanced age

Malignant condition
Obesity

Varicose veins

Congestive heart failure
Hypercoagulable state
Prolonged immobilization
Estrogen usage

Extended operative time
Extensive intraoperative trauma
Bilateral procedures

thromboembolism after ortho-
paedic procedures and the often
clinically silent nature of the dis-
ease, effective prophylaxis is the
cornerstone of preventing morbid-
ity and mortality.

Symptoms and Signs

Fewer than one third of patients
with DVT present with the classic
syndrome of calf discomfort, ede-
ma, venous distention, and pain on
forced dorsiflexion of the foot
(Homans sign). Thrombi can be
clinically silent, detectable only by
screening tests, if they are not en-
tirely occlusive and venous outflow
is maintained. In one study,! the
diagnosis was confirmed by venog-
raphy in fewer than half of patients
with suspected DVT. Normal post-
operative pain, swelling, and im-
paired gait patterns that lead to
muscular strain add to the low
specificity of clinical diagnosis in
the postoperative period.

Pulmonary embolism classically
presents as pleuritic chest pain and
dyspnea, although the clinical pre-
sentation varies according to the
severity of vascular obstruction and
the patient’s preexisting cardiopul-
monary status. In the study by
Manganelli et al,5 dyspnea and
chest pain were each noted in 60%
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to 80% of patients with angiographi-
cally documented PE, with the com-
bination of the two present in only
40%. True pleuritic chest pain is
rare and is associated only with pul-
monary infarction seen with mas-
sive PE.5 Patients may also present
with vague symptoms of cough,
diaphoresis, palpitations, altered
mental status, and apprehension.
Massive PE can present as syncope
or sudden death. Pulmonary infarc-
tion occurs in a small percentage of
patients with PE, leading to pleural
irritation, hemoptysis, and an audi-
ble pleural friction rub. Clinical
signs, although similarly nonspecif-
ic, may be suggestive of PE. The
most common finding is tachypnea,
which was reported in 85% of cases
in the study by Manganelli et al5;
tachycardia, rales, and fever were
noted in 50% of patients, and neck
vein distention (secondary to acute
cor pulmonale) occurred in 30%.
Given the limited accuracy of clini-
cal signs in alerting the physician to
the presence of thromboembolism,
even vague symptoms or signs,
such as unilateral lower-extremity
swelling, altered mental status, or
otherwise unexplained tachycardia,
should be investigated.

Initial Patient Evaluation

Tests utilized in the initial evalu-
ation of the patient with suspected
PE include chest radiography, elec-
trocardiography, and arterial blood
gas analysis. Although not suffi-
ciently specific to diagnose PE, the
results from these tests may be char-
acteristic of PE or may serve to iden-
tify alternative causes for symptoms
(e.g., myocardial ischemia, pulmo-
nary edema, and pneumonia), for
which alternative interventions
could be lifesaving.

Chest Radiography

Plain radiographs of the chest
are imperative in the evaluation of
cardiorespiratory symptoms. In
the assessment of the patient with

suspected PE, radiography serves
to rule out other causes of hypoxia,
such as pneumonia, severe atelecta-
sis, pneumothorax, and congestive
heart failure. In the postoperative
setting, a relatively clear chest
radiograph in the presence of
severe hypoxemia is highly sug-
gestive of PE. Such “classic” find-
ings as focal hyperlucency of the
lung parenchyma (Westermark
sign) and enlargement of the de-
scending pulmonary arteries are
rarely seen.

Electrocardiography

The classic findings of “S1Q3T3”
or a new incomplete right bundle
branch block are rare, although
they may be seen with massive PE.
Tachycardia is frequent, as is ST-
segment depression and T-wave
inversion in V;-V, secondary to
right-ventricle strain. Findings
consistent with acute myocardial
infarction indicate an important
alternative cause for dyspnea and
chest pain postoperatively.

Arterial Blood Gas Analysis

An arterial blood gas sample
should be obtained from all pa-
tients in whom PE is suspected.
Absolute determinations of oxygen
content, oxygen saturation, and
carbon dioxide content should be
made. The pulmonary alveolar-
arterial oxygen gradient (P[a-a]o,)
should also be determined, with
use of the following formula:
P(a-a)o, = (150 — 1.25 [Paco,]) -
Pao,. (Both Paco, and Pao, are
measured in millimeters of mer-
cury in samples obtained while the
subject is breathing room air. The
upper limit of normal for P[a-a]o,
is 20 mm Hg.)

Unfortunately, no combination
of blood gas results has been iden-
tified that reliably excludes PE.”
Most patients with pulmonary
emboli are hypoxic (Pao, <80 mm
Hg), hypocapnic (Paco, <35 mm
Hg), or have a high P(a-a)o, (>20
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mm Hg), although in one study,”
38% of those without a prior histo-
ry of cardiopulmonary disease had
normal values despite angiographi-
cally proven PE. Older patients
may have unrecognized preopera-
tive hypoxemia, which further
clouds the clinical picture. Serial
measurements can help to assess
functional recovery once treatment
for PE has been instituted.

Pulse oximetry cannot be substi-
tuted for an arterial blood gas mea-
surement. Hyperventilation may
result in a normal oxygen satura-
tion even in the presence of a sub-
stantial P(A—a)0,. A low oxygen
saturation may be useful in recog-
nizing hypoxemia that warrants
further evaluation.

Advanced Imaging Studies

The diagnosis of thromboembo-
lism is made by combining the clin-
ical suspicion of PE or DVT with
the results of advanced imaging
studies. The appropriate screening
test for a patient with suspected
DVT or PE must be individualized
on the basis of the reliability of the
test, the clinical situation, the risk
of performing the test, and the
availability and cost of the test.
The risks of not pursuing further
evaluation must also be consid-
ered. An algorithm for utilizing
advanced imaging studies in the
evaluation of a patient with sus-
pected PE is presented in Figure 1.

Ventilation-Perfusion Scanning
Ventilation-perfusion (V/Q )
scanning is the noninvasive test of
choice for diagnosing PE. Patients
inhale a radioactive aerosol (tech-
netium-99m, xenon-133, xenon-127,
or krypton-81), and the ventilation
scintigrams obtained are compared
with perfusion scintigrams ob-
tained after intravenous injection of
Tc-99m macroaggregated albumin.
Normal scans have no perfusion
defects. Areas of pneumonia or lo-
cal hypoventilation theoretically
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Fig.1 Algorithm for evaluation and treatment of suspected PE.

produce a “matched defect,” in
which both ventilation and perfu-
sion are deficient. Areas that are
ventilated without associated re-
gional perfusion (a “mismatched

defect”) are suspected of being the
site of PE (Fig. 2). On the basis of
criteria that have evolved from
comparisons between V/Q scans
and pulmonary angiogram find-
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Fig.2 A, Normal chest radiograph of a patient noted to be hypoxic postoperatively. B, Ventilation-perfusion study of the same patient.
Perfusion scan (right) reveals multiple perfusion defects, including wedge-shaped defects in the right upper lobe and almost the entire left
lung field. Ventilation scan (left) appears normal.

ings, scans are interpreted either as
normal or as indicating a high, in-
termediate, or low probability of
the presence of PE. In general, inter-
observer agreement on grading of
V/Q scans is greater than 94% for
high-probability and normal scans
and as low as 70% for intermediate-
and low-probability scans.8

The Prospective Investigation of
Pulmonary Embolism Diagnosis
(PIOPED) Study, reported in 1990,8
compared the results of V/Q scans
and angiography in 755 patients
and reported that a normal V/Q
scan effectively excluded angio-
graphically documented PE in
more than 96% of patients (96%
negative predictive value). The
positive predictive value of a high-
probability scan was 88%, with a
specificity of 97% and a sensitivity
of 41%. Thus, a high-probability
scan usually indicates the presence
of PE; however, fewer than half of
the patients with PE in that study
had a high-probability scan. When
the results of high-, intermediate-,
and low-probability scans were
considered together, the sensitivity
increased dramatically to 98%;
however, the specificity dropped to
10%. The negative predictive value
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of a low-probability scan was 84%;
however, 12% of the patients with a
low-probability scan were found to
have PE.

Combining the physician’s clini-
cal assessment with the results of a
V/Q scan improves the probability
of reaching the correct diagnosis.
In the PIOPED Study,? in cases in
which there was a high-probability
scan and a high level of clinical
suspicion, the rate of PE was 96%;
in those in which there was a low
level of clinical suspicion and a
high-probability scan, the rate of
angiographically confirmed PE was
56%. Similarly, a low level of clini-
cal suspicion and a low-probability
scan correctly excluded PE 96% of
the time, but in cases in which
there was a low-probability scan
and a high level of clinical suspi-
cion, the rate of angiographically
proven PE was 40%.

Ventilation-perfusion scanning
identifies those patients who are
most likely and least likely to have
suffered acute PE. When there is a
high clinical suspicion of PE, a
high-probability V/Q study is diag-
nostic and mandates treatment. A
normal or low-probability study
combined with a low level of clini-

cal suspicion makes the diagnosis
of PE unlikely. A search for lower-
extremity DVT is recommended, as
it may obviate the need for pulmo-
nary angiography in patients with
intermediate- or low-probability
V/Q scans. Surprisingly, however,
a large number of high-probability
V/Q scans are associated with nor-
mal duplex studies of the lower
extremities. Patients with low- or
intermediate-probability scans and
a negative evaluation for lower-
extremity DVT should undergo
pulmonary angiography if clinical
suspicion is high; in the PIOPED
Study,? the risk of PE in these sub-
sets of patients was 30% and 14%,
respectively.

Pulmonary Angiography

Pulmonary angiography is con-
sidered the standard against which
all other tests for diagnosis of PE are
judged. However, the invasive
nature of the procedure limits its
usefulness as a screening tool. The
femoral or antecubital vein is cannu-
lated, and a catheter is directed via
fluoroscopy through the right atri-
um and ventricle and into the pul-
monary arteries, where iodinated
contrast material is injected to visu-
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alize the pulmonary vascular tree,
starting in the areas of highest suspi-
cion and including magnified
oblique views if necessary. An
intraluminal filling defect or an
abrupt cutoff in a pulmonary artery
is diagnostic (Fig. 3). Although not
all emboli will be detected, large,
clinically significant emboli will be
identified.

In one large series,® the technique
was associated with a 3.5% overall
rate of complications, including car-
diac perforation, endocardial or
myocardial injury, arrhythmia, car-
diac arrest, and contrast reactions.
Death (incidence, 0.2%) was most
frequently attributed to acute cor
pulmonale in patients with pul-
monary hypertension and elevated
right ventricular end-diastolic pres-
sures (>20 mm Hg) who were un-
able to tolerate the volume of con-
trast injections. An advantage of
pulmonary angiography is that one
can concomitantly insert an inferior
vena cava (IVC) filter if indicated.

Although pulmonary angiogra-
phy is considered the definitive
diagnostic tool for PE, image quali-
ty can be impaired by respiratory

Fig. 3

Pulmonary angiogram revealing
emboli (arrows) involving the segmental
branches of the pulmonary artery supply-
ing the lower left and lingular lobes and a
large embolus occluding the right main
pulmonary artery. (Courtesy of Peter
Schlossberg, MD, New York.)

Vol 6, No 6, November/December 1998

and cardiac motion. In one large
study,® interobserver agreement in
angiogram interpretation was
found to be 92% for the presence of
PE and 83% for the absence of PE,
with an 89% rate of agreement on
indeterminate studies. In the same
study, a normal angiogram was
found to all but exclude the possi-
bility of PE. Unfortunately, not all
hospitals have the personnel to
perform this technically demand-
ing and costly procedure. Antico-
agulants must be discontinued
before pulmonary angiography to
avoid bleeding complications.

Recent Developments in Pulmonary
Imaging

Given the limitations of V/Q
scanning and the invasive nature of
pulmonary angiography, there has
been considerable interest in devel-
oping alternative imaging methods
to improve the speed, accuracy, and
safety of diagnosing PE. Helical
(spiral) and electron-beam comput-
ed tomography (CT) have improved
visualization of the pulmonary vas-
cular tree, allowing acquisition of
volumetric image data. This tech-
nology allows multiplanar recon-
struction and three-dimensional
image production while simultane-
ously providing faster scanning
times. Visualization of pulmonary
segmental vessels is now possible
with a sensitivity of 65% to 100%
and a specificity of 89% to 100% for
diagnosing PE.10 Magnetic reso-
nance (MR) imaging of the pul-
monary vascular tree is also being
developed and may allow sequen-
tial imaging of the lower-extremity
venous system (to evaluate for pel-
vic and lower-extremity DVT) with-
in a single examination.

Duplex Ultrasonography of the Lower
Extremity

Duplex ultrasonography is the
screening test of choice for evaluat-
ing patients for DVT. It is noninva-
sive and painless, requires no radia-
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tion, and can be performed at the
bedside (if necessary) for about one
third the cost of venography. Each
venous segment from the common
femoral vein at the inguinal liga-
ment to the popliteal vein distally is
examined for the presence of
echogenic thrombus and compress-
ibility. The addition of color Dop-
pler imaging to confirm sponta-
neous flow improves the ability to
determine the presence or absence
of clot. Augmentation of flow with
calf compression or toe dorsiflexion
excludes major distal occlusion.
Demonstrations of respiratory pha-
sicity and cessation of flow with the
Valsalva maneuver are indirect
indicators of abdominal and pelvic
venous patency.

This technique is more technical-
ly demanding and less sensitive in
the calf than in the thigh, and the
ability to directly image the deep
veins of the pelvis is limited; how-
ever, occlusive iliac thrombus
should be detectable on the basis of
abnormal Doppler signals. The tech-
nique is highly operator-dependent,
and accuracy improves with experi-
ence. An advantage of ultrasonog-
raphy is the ability to reveal alter-
native causes, such as hematoma
and superficial phlebitis, which
may cause physical signs and symp-
toms similar to those of DVT.

Controlled trials of venography
compared with duplex ultrasonog-
raphy in patients with sympto-
matic DVT have yielded sensitivity
and specificity values of 89% to
100%.11 Sensitivity is decreased
when duplex ultrasonography is
used as a screening tool in postop-
erative patients who have under-
gone hip or knee surgery and are
asymptomatic (average sensitivity,
62%; specificity, 97%; positive pre-
dictive value, 66%).12 However, it
should be borne in mind that these
values vary greatly between cen-
ters.1314 Thrombi that are missed
tend to be small, nonocclusive, and
located in the calf. Although ultra-
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sonography is less sensitive than
venography, an outcome analysis
of the data on 1,022 symptomatic
patients who had normal studies
revealed that only 5 patients had
adverse sequelae of untreated
DVT.15

As many as 50% of patients may
have persistent abnormalities of the
deep venous system after treat-
ment. Therefore, patients with
DVT who are receiving anticoagu-
lant therapy should undergo repeat
ultrasonography at 3 to 6 months
to establish a baseline appearance
of the venous system should symp-
toms or signs recur.

Venography of the Lower Extremity
Venography is the “gold stan-
dard” imaging study for the diag-
nosis of DVT in the calf and thigh,
allowing an anatomic depiction of
the venous system of the lower
extremities. Venograms are ob-
tained after the retrograde injection
of 100 to 150 mL of iodinated con-
trast material into a dorsal pedal
vein at the same time that radio-

graphs of the lower extremity are
obtained. The presence of well-
defined filling defects in well-
opacified veins is accurate for the
detection of DVT. Negative studies
reliably exclude DVT in the veins
distal to the common iliac vessels.

Cost- and procedure-related
morbidity, including patient dis-
comfort, sequelae related to the use
of iodinated contrast material, and
the potential to induce DVT forma-
tion, make venography less than
ideal as a screening test. Patients
with poor venous access often can-
not successfully undergo venogra-
phy. Venography is indicated if
the results obtained with noninva-
sive modalities are equivocal, if
there are technical limitations to a
study, or if DVT is suspected in
areas where ultrasonography is
known to be inaccurate. The detec-
tion of pelvic thrombosis is poor
(due to the dilution of contrast
medium by unopacified tributaries
of the deep pelvic veins) unless
direct femoral vein puncture is
undertaken.

MR Imaging of Lower-Extremity and
Pelvic Veins

Magnetic resonance imaging has
been used increasingly to diagnose
DVT in the thigh and particularly in
the pelvis, where it has been shown
to have greater sensitivity and
specificity than venography.16 With
use of a gradient-echo technique,
normally flowing blood is depicted
as high-intensity signal (white), and
areas of thrombus or reduced flow
are visualized as lower-intensity
signal (dark) (Fig. 4). Fast spin-
echo techniques partially correct for
artifacts adjacent to metallic im-
plants, and excellent visualization
of the thigh and pelvic vasculature
has been reported after total hip
arthroplasty.!” Using venography
via direct puncture of the femoral
vein as the standard modality for
specifically evaluating the deep
pelvic veins, the sensitivity and
specificity of MR venography were
found to be 100% and 95%, respec-
tively, and the sensitivity and speci-
ficity of standard venography uti-
lizing retrograde filling from a dor-

A

Fig. 4

B

MR venogram of the pelvis. A, Axial two-dimensional time-of-flight venogram (repetition time, 600 msec; echo time, 10 msec)

shows occlusive thrombus (arrowhead) of the left common femoral vein and normal signal intensity on the right (arrow).
B, Corresponding maximume-intensity projection shows complete occlusion (arrow) of the left common iliac vein; the right iliac vein
appears normal. (Courtesy of Glenn Krinsky, MD, New York.)
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sal pedal vein were found to be
78% and 100%. False-positive find-
ings can occur, however, as areas of
vascular bifurcation cause dis-
turbed flow that can mimic a filling
defect.

The diagnostic performance of
MR imaging is equal to that of
venography in the thigh but is infe-
rior in the calf (sensitivity, 87%;
specificity, 97%). When compared
with duplex ultrasonography, MR
imaging offers increased sensitivity
in areas of known difficulty, such as
the pelvic veins, common femoral
vein, and superficial femoral vein in
the adductor canal.

Magnetic resonance imaging has
the advantages of being noninva-
sive, allowing simultaneous visual-
ization of both lower extremities,
and requiring no injection of con-
trast material and thus not being
limited by poor venous access.
Nevertheless, MR imaging has its
own contraindications, including
severe claustrophobia and the pres-
ence of cardiac pacemakers, certain
valvular and otologic implants, cere-
bral aneurysmal clips, loose metal
fragments, and certain IVC filter
devices. The possibility of concur-
rently imaging the pulmonary tree
for suspected PE is being investigat-
ed. Because of its high cost and lim-
ited availability, MR venography is
not an ideal screening tool, although
it can be extremely useful when
pelvic thrombi are suspected and in
other situations in which clarifica-
tion is necessary.

Cuff-Impedance Plethysmography
and 1-125 Fibrinogen Scanning
Although used extensively both
alone and in combination in the
past, cuff-impedance plethysmogra-
phy and [-125 fibrinogen scanning
are reportedly less sensitive and
specific than previously believed,
with a high rate of false-positive
results.!0 The routine use of these
modalities is thus not recommend-
ed. Furthermore, the radiopharma-

Vol 6, No 6, November/December 1998

ceutical agent needed for fibrinogen
scanning is no longer available
commercially in the United States
because of concerns about infec-
tious disease transmission.

Treatment

Anticoagulant Therapy

Continuous intravenous heparin
administration followed by oral
anticoagulation with warfarin for 3
months in cases of isolated DVT and
6 months in cases of PE is standard
treatment.!8 Anticoagulation pre-
vents further thrombus formation
while allowing the fibrinolytic sys-
tem to dissolve clots that have
already formed. In the one study of
PE in which intravenous heparin
was compared with no treatment,
the mortality rate of those untreated
was 26%, compared with 0% in the
treatment group.!® Mortality rates
of less than 2% have been reported
for patients who received appropri-
ate anticoagulation therapy for PE
after hip and knee arthroplasty.2320

The risk of developing PE is
higher when there are larger and
more proximal areas of DVT, with
PE developing in 20% to 50% of
patients with proximal DVT but no
or few clinically significant emboli
developing in patients with isolated
calf thrombi.32122 Proximal exten-
sion of isolated calf vein thrombosis
has been reported to occur in 10%
to 20% of patients; therefore, pa-
tients with known isolated calf
thrombi should be monitored with
serial ultrasonography for 10 to 14
days, and anticoagulation therapy
may be withheld unless proximal
extension is identified.

Heparin acts by binding to
antithrombin III, potentiating its
inhibitory effect on thrombin and
activated factor X. Heparin should
be administered in an initial bolus
of 80 units per kilogram of body
weight, followed by continuous
intravenous infusion of 18 U/kg per
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hour. The hourly dose is then titrat-
ed to prolong the activated partial
thromboplastin time (APTT) to 1.5 to
2.5 times the control value. With use
of a weight-based formula (Table 2),
the therapeutic threshold is reached
more rapidly, and recurrent throm-
boembolism is reduced,?? as failure
to exceed 1.5 times the APTT within
24 hours is associated with a signifi-
cantly (P=0.02) increased (5 to 15
times) risk of both early and late
recurrent thromboembolism.

There is a wide variability in
patient response to heparin, necessi-
tating individual dose titration and
frequent monitoring. Heparin thera-
py is continued for 5 to 10 days,
while warfarin therapy is initiated
with a goal international normalized
ratio (INR) of 2.0 to 3.0. In cases of
massive PE or iliofemoral vein
thrombosis, prolonged heparin ther-
apy is indicated. In one randomized
trial,1® the rate of recurrence of
thrombosis was 20% in patients
treated with oral anticoagulants
alone, compared with 6.7% in those
treated with initial heparin therapy
followed by oral anticoagulation.
This effect may be not only a func-
tion of the delayed anticoagulant
effect of oral agents (peak effect at 36
to 72 hr) but also in part a secondary
thrombogenic effect that warfarin
initially has via inhibition of the nat-
ural anticoagulants protein C and
protein S. Continuous intravenous
infusion of heparin is associated with
fewer bleeding complications than
intermittent intravenous infusion.?*

After heparinization, patients
must be monitored closely for major
bleeding at the operative site as well
as at distant sites. In the first 5 post-
operative days, there is a substantial
risk of hemorrhage and subsequent
wound hematoma that can lead to
wound dehiscence, neurapraxia,
and deep sepsis. Rates of local
wound hematoma formation have
been reported to be as high as
25%,20 and a 4% incidence of major
bleeding episodes has been associat-
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Table 2

Weight-Based Dosage of Intravenous Heparin’

APTT, Dose Change, Additional

sec U/kg/hrt Action

<35 (<1.2) +4 Rebolus 80 U/kg
35-45 (1.2-1.5) +2 Rebolus 40 U/kg
46-75 (1.5-2.5) -0 None
76-90 (2.5-3.0) 2 None

>90 (>3.00 -3 Stop infusion for 1 hr

* Initial bolus of 80 U/kg/hr, followed by 18 U/kg/hr delivered by continuous intra-
venous infusion; APTT repeated 6 hr after change in heparin dose.
* Values in parentheses are number of times greater than control value.

ed with full heparinization followed
by oral warfarin therapy. Patients
who sustain a major complication
after anticoagulation that necessi-
tates its discontinuation should be
considered for IVC filter placement.

The platelet count should be
monitored, as mild thrombocyto-
penia is relatively common, and
severe heparin-induced thrombocy-
topenia with pathologic thrombosis
can occur. After orthopaedic sur-
gery, most patients have a transient
decrease in platelet count, followed
by an increase above preoperative
levels. Heparin-induced thrombo-
cytopenia typically occurs after 5 or
more days of treatment and is
caused by heparin-dependent im-
munoglobulin G (IgG) antibodies,
which activate platelets through
their Fc receptor. Recurrent venous
or arterial thrombosis can occur in
the form of PE, extensive deep
venous thrombosis, stroke, myocar-
dial infarction, and lower-extremity
arterial or aortic occlusion with sub-
sequent distal ischemia. Rates of
heparin-induced thrombocytopenia
have been reported as 2% to 5% for
patients who have undergone ortho-
paedic procedures.?

Severe heparin-induced throm-
bocytopenia and associated patho-
logic thrombosis is less common
but more clinically important, given
its significant rate of morbidity,
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including the need for amputation,
and mortality. If thrombocytopenia
(platelet count, <100,000) develops
after 5 or more days of heparin
administration for treatment or pro-
phylaxis of thromboembolism, the
medication should be discontinued,
and the patient should undergo
testing for heparin-dependent IgG
antibodies. Patients who test posi-
tive must undergo reevaluation for
thromboembolism, as clot extension
and the development of new throm-
boses are common, and IVC filter
placement should be considered.
Once heparin therapy is discontin-
ued, platelet counts typically re-
bound rapidly (within 2 to 5 days),
and anticoagulation with warfarin
should be instituted. Platelet trans-
fusion is contraindicated.

As with heparin, the dose-re-
sponse relationship of warfarin
varies widely, and doses must be
individualized and monitored care-
fully. Warfarin can be started on
the first day of heparin therapy.
Once the dose required for ade-
quate anticoagulation has been
determined, the INR should be
monitored weekly. Hull et al2¢
found that in patients with proxi-
mal DVT, 3 months of warfarin
therapy (INR, 2.0 to 3.0) reduced
the incidence of recurrent throm-
boembolism from 47% to 2%. A
higher rate of recurrence was seen

in patients who stopped warfarin
before the 3-month period had
elapsed; a significantly higher rate
was seen in those who had been
treated with subcutaneous heparin
(P=0.001). In another study, the
same researchers found that in-
creased levels of anticoagulation
(INR, 3.0 to 4.5) increased the rate of
bleeding complications from ap-
proximately 3% to 22% without
increased efficacy.?” Patients with
recurrent thrombosis despite antico-
agulation, hypercoagulable states,
or continued risk factors for throm-
boembolism should be considered
for indefinite anticoagulation thera-
py. Patients receiving warfarin pro-
phylaxis at the time of acute DVT or
PE should receive heparin if the
INR is less than 2.0 and should be
considered for IVC filter placement
if the INR is greater than 2.0.

The use of low-molecular-weight
heparins (administered subcutane-
ously on a weight-adjusted basis) as
agents for treating established DVT
has been investigated. A meta-
analysis of the various trials2s
revealed that low-molecular-weight
heparins offer increased efficacy
with a lower rate of complications
compared with intravenous heparin
therapy. However, most of these
trials excluded patients who had
recently undergone surgery or had
received a low-molecular-weight
heparin or warfarin before the
study period. Low-molecular-weight
heparins are currently not approved
by the Food and Drug Administra-
tion for the treatment of postopera-
tive thromboembolism.

Patients who have had a throm-
boembolic complication are at
greater risk for recurrence if they
undergo another surgical procedure
within the next 6 months.2” If fur-
ther surgery is planned, patients
should undergo preoperative car-
diac echocardiography (to rule out
pulmonary hypertension) and pul-
monary function tests (to demon-
strate adequate pulmonary reserve).
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If nonelective surgery is necessary
and those tests reveal poor car-
diopulmonary reserve, a preopera-
tive IVC filter should be considered.

Inferior Vena Cava Filters

Inferior vena cava filters can be
placed percutaneously under fluo-
roscopic guidance, via either the
femoral or the internal jugular vein.
They should be placed below the
renal veins at approximately the
level of the third lumbar vertebra.
These devices have been advocated
for a subset of patients who have
contraindications for anticoagula-
tion, have had a significant compli-
cation secondary to anticoagulation
for diagnosed thromboembolism,
have sustained recurrent throm-
boembolic events despite adequate
anticoagulation, or are at high risk
for mortality in the event of addi-
tional pulmonary emboli. The pro-
phylactic use of IVC filters has
been advocated by some authors
for patients undergoing elective
orthopaedic procedures who are
considered to be at high risk (i.e.,
those in whom DVT or PE devel-
oped despite appropriate prophy-
laxis in the past).?

Pulmonary embolism can recur
after filter placement, in the form of
small clots that pass through the filter
or clots that bypass the filter as collat-
eral venous circulation develops in
cases in which vena cava occlusion
has occurred. In addition, filter mal-
positioning, tilting, or migration may
allow clots to pass, or a thrombus
may propagate above the filter if
large emboli are trapped within it. A
0% to 1.5% incidence of recurrent
symptomatic or fatal PE has been
reported in orthopaedic patients who
underwent IVC filter placement.
Similarly, in a summary of 13 case
series,30 26 recurrent pulmonary
emboli and 8 deaths secondary to PE
were reported among 1,094 patients
who had undergone Greenfield filter
placement (incidence rates of 2.4%
and 0.7%, respectively).
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Complications related to filter
placement include insertional prob-
lems (local hematoma, wound infec-
tion, vagal nerve injury, pneumo-
thorax, air embolism, stroke), distal
filter migration or tilting, filter mal-
position, insertion-site thrombosis,
vena cava occlusion with subse-
quent lower-extremity edema, and,
rarely, phlegmasia cerulea dolens
(complete venous outflow obstruc-
tion with subsequent arterial spasm,
reduced tissue perfusion, and the
possibility of venous stasis ulcera-
tion, compartment syndrome, and
gangrene that may require amputa-
tion). In one study,3® death was
directly related to filter insertion in
3 of 2,557 patients (0.12%).30 Late
perforation of the vena cava and
aorta has also been described.
However, only three reported in-
stances of adverse clinical outcomes
owing to vena cava penetration
have been reported.

Although insertion-site thrombo-
sis may occur, the Greenfield filter
is designed to preserve lateral flow
around entrapped clots so as to
facilitate clot lysis and maintain IVC
patency. The Greenfield device has
long-term IVC patency rates of 95%
without continued oral anticoagula-
tion therapy and, accordingly, a 5%
rate of symptomatic venous insuffi-
ciency. In an 18-month follow-up of
66 orthopaedic patients who under-
went insertion of a Greenfield filter,
none had evidence of filter migra-
tion, postphlebitic syndrome sec-
ondary to IVC occlusion, or chronic
symptomatic extremity edema.??
Temporary filters (both removable
and resorbable) are being devel-
oped to avoid the late sequelae that
may follow their insertion.

Anticoagulation therapy, if not
contraindicated, is recommended
for patients after filter placement, as
the underlying thrombotic process
is not altered by filter placement.
Effective anticoagulation should
decrease the incidence of thrombus
propagation and/or recurrence, as

Craig J. Della Valle, MD, et al

well as insertion-site DVT and caval
thrombosis. In a study of ortho-
paedic patients who were found to
have symptomatic PE within 2
weeks of total joint arthroplasty,
placement of IVC filters was found
to be safe and effective, with a
lower complication rate than that
for intravenous heparin therapy.3!

Summary

The high risk of thromboembolic
complications after orthopaedic pro-
cedures is well documented. Many
of these events may be clinically
silent until they become life-threat-
ening, and appropriate prophylaxis
and a high level of clinical suspicion
must be present to avoid morbidity
and mortality. Duplex ultrasonogra-
phy of the lower extremities and
V/Q scanning provide adequate sen-
sitivity and specificity for evaluating
patients for thromboembolism in the
postoperative period. Newer imag-
ing modalities (e.g., high-resolution
CT angiography and MR pulmonary
angiography and lower-extremity
venography) show promise of im-
proving the accuracy of diagnosis of
thromboembolic phenomena.

Initial treatment includes intra-
venous heparin followed by oral
warfarin for 3 to 6 months. AnIVC
filter is indicated when anticoagu-
lation is contraindicated, when
recurrent thromboembolism has
developed despite adequate antico-
agulation, when there is a compli-
cation secondary to anticoagulant
therapy, or when the patient is con-
sidered to be at high risk for mor-
tality if additional emboli develop.
These devices provide effective
prophylaxis against recurrent PE,
with a 5% rate of complications.
The decision in the early postoper-
ative period to administer antico-
agulant therapy or to proceed with
IVC filter insertion is a difficult one
and must be made on a case-by-
case basis.
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