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INTRODUCTION

Venous thromboembolic disease (VTED) can be fatal,
particularly in orthopaedic surgical patients.'*!> Clinicians
and researchers continue to struggle to define, from a risk-
benefit perspective, which subset of foot and ankle patients
would benefit from prophylaxis and which treatment is
appropriate for a given patient. Efforts have focused on
preventing the most common and most dangerous sequelae
of VTED: proximal and distal deep venous thrombosis
(DVT), post-thrombotic syndrome, pulmonary hypertension,
and particularly the potentially fatal pulmonary embolism
(PE).> This current concepts review examines the pertinent
literature that identifies the pathophysiology and treatment
issues associated with venous thromboembolic disease in foot
and ankle surgery.

PATHOPHYSIOLOGY

In 1860 Virchow attributed the development of DVT to
the triad of stasis, vascular injury, and a hypercoagulable
state.’!:77 Stasis and vascular injury may occur after foot
and ankle trauma or surgery, especially if the foot and ankle
are immobilized. Hypercoagulable states may be hereditary
or acquired. Hereditary conditions include factor V Leiden
acquired protein C resistance (most common); prothrombin
G20210A; antithrombin deficiency; protein C deficiency;
protein S deficiency; anticoagulant, anticardiolipin antibody
syndrome; and dysfibrinogenemia. Acquired risk factors
include a history of VTE, recent surgery, recent trauma,
airline travel, prolonged immobilization, older age, certain
forms of cancer, congestive heart failure, recent myocardial
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infarction, paralysis of a lower extremity, estrogen use,
pregnancy or post-partum period, varicose veins, obesity,
antiphospholipid syndrome, and hyperhomocysteinemia.%*

Thrombi in the lower extremity may form in the superficial
or deep venous systems. Those of the deep system are
classified as distal (confined to the calf region) or proximal.
Superficial thrombi can be benign, but there is some evidence
that they increase the chance of DVT. In a retrospective
review of 40,013 patients of family physicians, Van Weert
et al.’® identified 185 patients with spontaneous superficial
venous thrombophlebitis (SVT); within 6 months of their
diagnosis of SVT, five (2.7%) of these patients developed
DVT and one (0.5%) a pulmonary embolism. In an age
and sex-matched cohort without SVT, only one (0.2%) of
370 patients developed DVT and two (0.5%) had pulmonary
emboli.

FREQUENCY OF VTED IN PATIENTS WITH FOOT AND
ANKLE SURGERY OR TRAUMA

Thromboprophylaxis of Lower Extremity Trauma

Lassen et al.,¥ in a prospective, double-blind, placebo-
controlled trial (Level I), evaluated 440 patients who required
immobilization in a plaster cast or brace for at least 5 weeks
after a leg fracture or Achilles tendon rupture. DVT was
diagnosed in 17 (9%) of 183 patients who received reviparin
(low-molecular-weight heparin) and in 35 (19%) of 188 who
received a placebo (odds ratio 0.45). The authors concluded
that DVT is common with prolonged immobilization and that
prophylaxis is warranted and effective.

In a randomized prospective study (Level I) of the
effect of low-molecular-weight heparin (LMWH) on the
occurrence of DVT in 339 patients with minor injuries
(including ankle sprains and foot fractures) treated with
plaster immobilization of the leg, Kock et al.** evaluated
patients before casting with examination, leg circumference
measurement, and ultrasound duplex scanning. Patients were
then randomized to one of two groups: control (no treatment)
or LMWH. The frequency of DVT was lower (0%) in the
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Table 1: Level of evidence and grades of recommendation

Level of Evidence
— Level I: high quality prospective randomized clinical
trial
— Level II: prospective comparative study
— Level III: retrospective case control study
— Level IV: case series
— Level V: expert opinion

Grades of Recommendation (given to various
treatment options based on Level of Evidence
supporting that treatment)
— Grade A treatment options are supported by strong
evidence (consistent with Level I or II studies)
— Grade B treatment options are supported by fair
evidence (consistent with Level III or IV studies)
— Grade C treatment options are supported by either
conflicting or poor quality evidence (Level IV
studies)
— Grade I when insufficient evidence exists to make a
recommendation

LMWH group than in the control group (4.3%) (p < 0.006).
No side effects from LMWH were noted.

Spannagel et al.®® showed in a randomized prospective
trial (Level I) that LMWH was effective in decreasing the
frequency of DVT in patients immobilized in a plaster cast.
Using ultrasound, they identified DVT in 21 (16.5%) of 127
without LMWH prophylaxis and in six (4.8%) of 126 with
LMWH (p < 0.01).

FREQUENCY OF VTED REPORTED IN THE FOOT AND
ANKLE LITERATURE

Most of the data from which algorithms for preventing
VTED and its complications are derived from patients
with hip and knee arthroplasty. More Level 1 multi-center
comparative studies involving patients with foot and ankle
surgery or trauma are needed to create evidence-driven,
specialty-based guidelines for managing VTED. This need is
emphasized by the latest Cochrane Database meta-analysis, '
which included the 31 most recent comparative randomized
trials evaluating the efficacy of physical and medical agents
in preventing VTED: because of flaws in study designs, few
valid conclusions could be made.

The 2004 American College of Chest Physicians (ACCP)
consensus guidelines?® include a meta-analysis of four
randomized, prospective, controlled trials3®-4%-434> that inclu-
ded patients with foot and ankle injuries or procedures,
including below-knee fractures, Achilles tendon ruptures, and
leg injuries immobilized in casts who were routinely screened
for VTED as an outcome measure. The authors concluded
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that routine use of prophylactic anticoagulants is not indi-
cated in patients with isolated below-knee injuries.

Of the four studies in the English literature that involve
VTED and its complications in foot and ankle sur-
gery,?462.68 three have study design concerns. Mizel
et al.>3 reported a 0.22% rate of clinically identifiable DVT
after 2,733 foot and ankle procedures (Level V). High-risk
multi-trauma patients were excluded, radiographic testing
was not routinely done, and prophylaxis was relegated to
surgeon preference without being standardized or recorded.
Routine prophylaxis in foot and ankle surgery was not recom-
mended, and non-weight bearing and immobilization were
identified as risk factors for postoperative DVT.

In Solis and Saxby’s study®® (Level IV) of 201 patients
who had foot and ankle surgery without DVT prophylaxis,
routine postoperative duplex ultrasound screening identified
DVT in seven (3.5%). This study also may have underesti-
mated the frequency of DVT, because trauma patients were
not included, patients with a history of DVT or PE were
excluded, and duplex ultrasound screening was done at the
first postoperative visit (average 10.5 days after surgery) but
did not go proximal to the popliteal fossa, potentially missing
all proximal or late occurring thrombi. They concluded that
the infrequency of DVT in their patients suggested that
routine prophylaxis is not warranted in patients who have
elective foot and ankle surgery.

The study by Hanslow et al.» of VTED after foot and
ankle surgery (Level IV) which included trauma patients
reported a 4% occurrence of postoperative VTED in 602
patients. The investigation was retrospective, uncontrolled,
and included patients as young as 7 years of age; all at-
risk patients received DVT prophylaxis. The data are further
compromised by the fact that only clinically evident (not
silent) DVT was recorded and the patients who received
prophylaxis were not studied separately. The most frequent
co-morbidity of those who developed VTED was a connec-
tive tissue disorder such as rheumatoid arthritis, which,
along with a history of DVT, showed a statistically signif-
icant correlation to the presence of postoperative VTED.
These findings, however, are not corroborated by an earlier
study.? One unexplained and somewhat surprising finding by
Hanslow et al.> was that univariate analysis actually identi-
fied prophylaxis as a risk factor for the development of VTE
complications.

The one available Level I study** (prospective, random-
ized, placebo-controlled, single center, double-blinded) of
DVT in foot and ankle patients included 105 patients who
were surgically treated for Achilles tendon rupture and
received either a placebo or LMWH (dalteparin, 5000U
sc qd for 6 weeks). Each patient was screened with color
duplex ultrasound at 3 and 6 weeks after surgery, and DVT
was confirmed with phlebography. Ninety-one patients were
followed to endpoint analysis (47 in the dalteparin group
and 44 in the placebo group). Despite excluding some of the
higher risk patients from this study (recent DVT, history of
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malignancy, pregnancy, recent surgery), DVT rates were still
high: 34% in the dalteparin group and 36% in the placebo
group (p = 0.8). Proximal DVT was diagnosed in 2% of
the dalteparin group and 6% of the placebo group (p = 0.6).
The authors of this Level I study concluded that DVT is
common after surgical treatment of Achilles ruptures and
recommended thromboprophylaxis. They also concluded that
dalteparin in the dosage used was statistically ineffective in
decreasing the risk of DVT. Another Level 1 randomized,
double-blind, placebo-controlled, comparative study of 440
patients immobilized for at least 5 weeks in a short-leg cast
after operative or nonoperative treatment of a fracture or
Achilles tendon rupture demonstrated a statistically signifi-
cant difference in the rates of DVT (as identified by phle-
bography) between patients who received reviparin (9%) and
those who received a placebo (19%).

Radl et al.® reported the frequency of DVT after operative
correction of hallux valgus in a single-center, prospective,
phlebographically-controlled study of 100 patients (Level II).
Unilateral ascending venography at an average of 29 days
after surgery identified DVT in four patients (4%). A statis-
tically significant (p = 0.034) correlation was demonstrated
between DVT and patient age: the four patients with DVT
had a mean age of 61.7 years, compared to 48.4 years in the
96 patients without DVT. The authors concluded that routine
DVT prophylaxis might be justified for patients older than
60 years. This conclusion should not be taken as a general
recommendation for all patients who have foot and ankle
surgery. Independent Level I and Level II studies are neces-
sary before this recommendation can be uniformly applied.

From these reports, it appears that VTED is much less
frequent in patients who have foot and ankle surgery than
in those who have hip or knee procedures. Because of the
limited number of Level I and II studies currently available
and the wide range of reported frequencies of DVT after
foot and ankle trauma and surgery (0% to 37%), no definite
conclusions can be made concerning the risk of DVT or the
use of prophylactic anticoagulation.

DVT PROPHYLAXIS IN FOOT AND ANKLE SURGERY:
WHO? AND HOW?

The uncertainty of the frequency of DVT after foot and
ankle trauma or surgery is a major factor in the lack of
consensus for the use of routine DVT prophylaxis in foot and
ankle patients. Other factors include differences in methods
of diagnosis and variability in treatment methods.*® These
difference were highlighted by Wolf and DiGiovanni,
who surveyed 1400 members of the American Orthopedic
Foot Ankle Society (AOFAS) and the Orthopedic Trauma
Association (OTA) members, with a response rate of 36%
(508 of 1400). Fewer than half of respondents (44%, 223 of
508) reported ever using some type of postoperative DVT
prophylaxis for foot and ankle patients, and the reported
methods of treatment varied substantially: 6% (16) used
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compressive stockings, 41% (91) used leg pumps, 15% (33)
used warfarin, 7% (17) used subcutaneous heparin, 38% (85)
used LMWH, 15% (33) used intrinsic foot exercises, 18%
(40) used aspirin, 29% (50) used foot pumps, and 38% (86)
used early mobilization. Even greater variation was noted in
the tendencies of surgeons to rely on pre- or intra-operative
prophylaxis, and there was a marked spread in the length of
use of any post-operative prophylaxis: 33% (69) <1 week,
18% (37) 1 to 2 weeks, 11% (22) 2 to 3 weeks, 16% (32) 4 to
5 weeks, 15% (30) 6 weeks, and 6% (14) >6 weeks. While
this study has some design concerns, it does emphasize the
erratic application of VTED prophylaxis in foot and ankle
surgery and highlights the need for studies of higher levels
of evidence to determine appropriate use.

Numerous risk factors for the development of VTED
in foot and ankle patients have been identified, and these
risk factors are important in the decision to use VTED
prophylaxis. Caprini!? listed approximately 40 risk factors
for VTED and created a grading system to determine a
patient’s risk for VTED.

The factors most often cited as increasing the risk of
VTED are:

e History of DVT or PE (one of the most important risks
for developing DVT)!%20

e Positive family history (most often overlooked risk
factor)®12

e Obesity'3

o Smoking®

o Immobilization®

o Hereditary thrombophilias®>-3%-37

[ ]

[ )

[ ]

History of malignancy*®

Oral contraceptive use®®

Airline travel®

While such stratification might become useful as a rough
guideline for assessing VTED risk, it is currently unclear
how well each of these factors have truly been validated, and
hence the categorization must be interpreted with caution.

The relative importance of factors identified as increasing
the risk of DVT remains uncertain. Because of the variability
of patient populations and surgical procedures reported, and
conflicting conclusions of various authors, it is difficult to
draw any firm conclusions from the literature. In a meta-
analysis and literature review, Edmonds et al.® reported
that there was evidence to support a significant association
between increased risk of DVT and increased age, obesity,
history of thromboembolism, varicose veins, oral contracep-
tive use, malignancy, Factor V Leiden gene mutation, general
anesthesia, and orthopaedic surgery. They noted that there
was insufficient evidence to support the suggested risk factors
of hormone replacement therapy, gender, ethnicity or race,
chemotherapy, other thrombophilias, cardiovascular factors,
smoking, and blood type. Syed and Beeching,’® however,
in a study of lower-limb DVT in 232 patients, identified
smoking, immobility, previous DVT, surgery in the last 3
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months, malignancy, varicose veins, and intravenous drug
use as important risk factors. DiMinno et al.?? reviewed 1536
surgeries done by general practitioners and noted that the
prevalence of strong risk factors increased with age and that
most risk factors were related to medical conditions, such
as previous DVT, heart failure, and malignancy. They iden-
tified as moderate-to-weak risk factors smoking, history of
miscarriage, estrogen therapy, obesity, and varicose veins.
Kucher et al.** prospectively analyzed 4,211 patients with
an ultrasound-confirmed presence (639) or absence (3572)
of DVT and identified proximal DVT, previous PE, obesity,
chronic lung disease, and omission of prophylaxis as inde-
pendent predictors of symptomatic PE. In another prospec-
tive study of 5,452 patients with ultrasound-confirmed DVT,
Goldhaber et al.*? found the five most frequent comorbidities
to be hypertension (50%), surgery within 3 months (38%),
immobility within 30 days (34%), cancer (32%), and obesity
(27%). In a recent review of the epidemiology of TVED,
Cushman'® listed as major risk factors surgery, hospitaliza-
tion, immobility, trauma, pregnancy, hormone use, cancer,
obesity, and hypercoagulation disorders.

DIAGNOSIS

History and Physical Examination

Clinical detection of a DVT may be difficult because
many patients do not demonstrate any signs or symptoms.
Incomplete occlusion of the vein or collateral circulation may
result in asymptomatic DVT.® Patients with DVT may have
calf pain, swelling, venous distention, discoloration, warmth,
a palpable cord, and a positive Homans’ sign (pain in the calf
after forceful dorsiflexion of the ankle with the knee flexed);
however, this sign often is insensitive and nonspecific. It is
positive in 8% to 56% of patients with proven DVT, but
also may be positive in more than 50% of patients without
DVT.”® A review of pertinent risk factors should be included
in the evaluation (Caprini'?) to identify patients who are at
an increased risk of VTE.

Imaging

Phlebography is considered the gold standard for diag-
nosing DVT in the lower extremity.>’ A contrast medium is
injected into a dorsal superficial vein of the foot, and serial
radiographs are taken to evaluate for a filling defect. Phle-
bography has a limited clinical application because of the
expense and invasiveness of the procedure. Lack of adequate
imaging of the pelvic vessels also is a disadvantage of this
procedure.

Impendace plethysmography is used to assess the adequacy
of venous outflow by measuring electrical impedance. Elec-
trodes are placed around the calf and the electrical impedance
between them is measured. With proximal venous occlu-
sion, the venous vasculature is distended, thereby decreasing
the electrical impedance.3® This method is not effective,
however, in diagnosing distal or non-obstructing venous
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occlusions.®? Additionally, the sensitivity of this examina-
tion falls dramatically from 92% to 22% in asymptomatic
patients.%6

Three types of ultrasonography are used for evaluation
when DVT is suspected: compression ultrasound (CUS) in
B-mode (brightness mode), echo-Doppler (duplex scanning),
and color echo-Doppler (triplex scanning). In CUS, gentle
external pressure on a vein is applied with the ultrasound
transducer. Failure of the vein to collapse is the most
sensitive finding for DVT.*® A meta-analysis by Kearon
et al.* demonstrated an overall sensitivity and specificity of
89% and 94%, respectively, with higher levels of sensitivity
and specificity for detection of proximal DVT. Accuracy,
ease of use, cost, and the noninvasive nature of the procedure
make ultrasonography the first choice of imaging modalities
to identify DVT.

Spiral computer assisted tomography is commonly used
to evaluate patients for suspected pulmonary embolism; CT
scans also can be used to evaluate for DVT. Sensitivity and
specificity for the diagnosis of DVT are 89% to 100% and
94% to 100%, respectively. Advantages of CT include the
ability to examine the pelvic vessels, which are not easily
evaluated with ultrasonography, and to obtain simultaneous
bilateral lower extremity images. Disadvantages include
exposure to a large volume of renal toxic contrast, radiation
exposure, and expense.

Magnetic resonance venography (MRV) allows evalua-
tion of the pelvic vasculature without exposing the patient
to contrast material. The sensitivity and specificity of
MRI have been reported to be 94% to 96% and 90% to
92%, respectively.’® Advantages include proximal (pelvic)
screening, simultaneous bilateral evaluation, no requirement
for contrast, and expanding use around implants and pros-
thetic devices.>>® The significant disadvantage of MRV
evaluation is the cost of the study.

COMPLICATIONS FOLLOWING DVT DEVELOPMENT

Complications following DVT include proximal extension
of the thrombus, pulmonary embolus, recurrent DVT, and,
most commonly, post-thrombotic syndrome.

Post-thrombotic syndrome (PTS) is characterized by
chronic pain, swelling, a feeling of heaviness, pruritis,
cramps, paresthesias, induration, hyperpigmentation, venous
ectasia, redness, pain with calf compression, and ulcera-
tion.>374%-89 This is a chronic condition that develops, to
some degree, in 20% to 80% of patients with DVT.*-8

Pulmonary embolus (PE) is the most serious complica-
tion of DVT. PE occurs when a blood clot dislodges and
migrates proximally into the pulmonary arterial vasculature.
Pulmonary evaluation in a series of patients with known
DVT documented the presence of a PE in 40%.3! Gold-
haber et al.’?> reported a 17.5% 3-month mortality rate in
patients who had a PE. Symptoms and signs include dyspnea
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(most common symptom), pleuritic pain, cough, hemoptysis,
tachypnea (most common sign), syncope, and cyanosis.

Cushman'® noted that recurrent DVT has a 5% to 7%
annual risk, which appears to be highest in the first 6 to 12
months after cessation of anticoagulation therapy, regardless
of the duration of therapy. Residual thrombosis, proximal
location of the original DVT, and PE at the initial event are
risk factors for recurrence.

PROPHYLAXIS

Medical Prophylaxis

Medical prophylactic agents include warfarin, heparin,
low-molecular-weight heparin, fondaparinux (a synthetic,
selective factor Xa inhibitor), and aspirin.

Warfarin is a vitamin K antagonist that results in antico-
agulation by interfering with the production of coagulation
pathway clotting factors II, VII, IX, and X from vitamin K.
Sulco et al.%” found that fatal PE was reduced from 3.4% to
0.05% after total hip arthroplasty with the use of warfarin.
Warfarin is administered in pill form and takes 3 to 5 days
to reach therapeutic levels. The level of anticoagulation must
be monitored with serial INR testing to ensure that the level
of anticoagulation is appropriate. Side effects of warfarin use
include prolonged bleeding time with cuts and easy bruising.
A major complication is hemorrhage, which can be occur in
the genitourinary, gastrointestinal, and pulmonary systems;
hemorrhage also may be intracranial, intrathoracic, intraab-
dominal, or retroperitoneal. Hemorrhage in an extremity may
cause compartment syndrome.

Low-molecular-weight heparin (LMWH) is a category
of anticoagulants enzymatically derived from unfraction-
ated heparin (UFH). LMWH exerts it antithrombotic effects
through inhibition of thrombin (factor Ila) and factor
Xa, enhances antithrombin activity, and promotes tissue
factor pathway inhibitors. LMWH has better bioavail-
ability than UFH and demonstrates consistent pharmokinetics
that allow it to be administered subcutaneously at fixed
intervals,!3-3485.88

Fondaparinux is an activated factor X inhibitor that does
not require laboratory monitoring and can be administered
once daily.”"”? Turpie et al.”>"* compared the efficacy of
LMWH (enoxaparin) with that of fondaparinux in patients
who had total knee arthroplasty and found fondaparinux
to be more effective (6.8% VTE) than enoxaparin (13.7%
VTE). However, another study!' reported more frequent
major bleeding complications with fondaparinux (2.1%)
than with enoxaparin (0.2%). While several similar drugs
currently are in Phase III clinical trials in Europe, at this
time only fondaparinux is both commercially available and
FDA approved for VTE prophylaxis in the USA. Its pre-
operative role remains less clear, however, since it has an
18-hour half-life.!"”3 Fondaparinux also is the only agent
that received a Grade IA recommendation in the most
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recent ACCP guidelines® for prevention of VTED in high-
risk patients with hip fractures, based primarily on one
large, randomized, double blinded study with enoxaparin.’®
It received only a Grade I recommendation for total hip
arthroplasty patients in this same study, however, because
of a lack of sufficient data. Relative risks were 45% to
63% lower with fondaparinaux than with enoxaparin in four
different Level I or II studies.®?%72

Aspirin is an antiplatelet agent that exerts its affect
by permanently inactivating the cyclooxygenase activity of
prostaglandin H.>*->1! In the Pulmonary Embolism Preven-
tion trial,®® aspirin reduced the risk of symptomatic VTE
by 36% and of fatal PE by 53%. Salvati et al.®® summa-
rized 30 years of clinical, basic, and applied research on the
use of aspirin for VTE prophylaxis after hip arthroplasty.
Adjuvant use of intra-operative heparin and hypotensive
epidural anaesthesia for routine DVT prophylaxis demon-
strated rates of symptomatic DVT and PE as low as 2.5%
and 0.6% respectively, with an occurrence of asymptomatic
(screened) DVT of 6.4%.2!%° A meta-analysis of the liter-
ature concerning anticoagulant therapy after total hip and
knee arthroplasty found that the potent anticoagulants did not
prevent PE and were associated with the highest mortality
(0.47%), while aspirin demonstrated the lowest all-cause
mortality (0.19%). However, LMWH was shown to decrease
the risk of VTE 63% more than aspirin, and both LMWH
and warfarin were more effective than aspirin in preventing
VTE. The ACCP stated that the preponderance of current
clinical data’' argues against the use (efficacy) of routine
aspirin administration as a sole means of prophylaxis after
orthopaedic surgery (Grade of Evidence 1A).23! Aspirin has
not been studied in foot and ankle patients and cannot be
recommended as a predictably effective isolated means of
prophylaxis against DVT nor can it be labeled ineffective
prophylaxis after foot and ankle surgery.

Mechanical Prophylaxis

The venous system is a low-pressure system comprised of
veins that have thin walls and high compliance. To return
blood from the periphery, the venous system must overcome
vascular resistance and a pressure gradient that varies with
position (standing versus recumbent). Muscle contraction
in the calves compresses veins and encourages forward
flow. Additionally, the compression of the venous plexus in
the foot generates enough force to overcome the pressure
gradient in the venous system of the calf.®” Mechanical
prophylaxis against DVT attempts to recreate the natural
mechanisms of the body without the unwanted hemorrhagic
side effects of LMWH, warfarin, and aspirin.

Intermittent compression pumps exert an antithrombotic
effect through a reduction in venous stasis by increasing
the velocity of venous return, enhancing fibrinolysis, and
increasing the release of nitrous oxide (formerly known
as endothelium-derived relaxing factor). Fibrinolysis is
enhanced by increasing the amount of the plasma tissue
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factor pathway inhibitor and reducing the amount of Factor
FVIa.l724 In a meta-analysis, Urbankova et al.” found
that the use of intermittent compression pumps reduced the
risk of DVT by 60% (p < 0.001) when compared to no
prophylaxis.

Graduated elastic compression stockings exert their effect
by reducing the overall cross-sectional area of the limb,
increasing linear velocity of venous flow, improving evac-
uation of incompetent or incompletely emptied valvular
cusps, and decreasing venous distention.>*! The Cochrane
Peripheral Vascular Disease Group reviewed published data
concerning the effectiveness of graduated elastic compression
stockings for the prophylaxis of DVT. In seven randomized
controlled trials, 15% of treated patients developed DVT
compared to 29% of untreated patients.*

The use of mechanical prophylaxis is limited in foot and
ankle patients because the device often cannot be applied
to the operated extremity because of a cast or restrictive
dressing.

COMPLICATIONS OF DVT PROPHYLAXIS

Hemorrhagic Events (hematoma, stroke, wound problems)

Unfortunately, the effectiveness of any pharmaceutical
prophylaxis against VTE often parallels its bleeding risks. A
randomized, double-blinded study®7? involving 724 patients
reported that fondaparinux was significantly (p < 0.001)
more effective (12.5% rate of VTE) than enoxaparin (27.8%
rate of VTE) in preventing VTE, but it also was associated
with more frequent major bleeding episodes. Meta-analysis
of four randomized, prospective clinical trials by Colwell
and Spiro'® identified a major bleeding frequency of 4% in
the placebo group and 6% in the heparin/heparin derivative
treated group. These issues become increasingly important as
‘new and improved’ medications continue to be developed
with theoretical advantages over more traditional medica-
tions. For example, idraparinux, a hypermethylated relative
of fondaparinux, has an easy dosing schedule because of its
extremely long (80-hour) half-life, but it also has been asso-
ciated with several reports of fatal bleeding episodes and a
somewhat linear dose-response curve for major bleeding.®
Further, since neither fondaparinux or idraparinux interacts
with protamine sulfate, overdosage can result in a major
bleed, with no current medical remedy except perhaps recom-
binant Factor VIIa.%1°

The reported frequency of severe (‘major’) wound or
systemic hemorrhagic complications in postoperative ortho-
paedic patients who have received medical prophylaxis
ranges from 1.5% to 5.1 %.>%>° However, many of these
studies excluded the highest risk patients (ie., elderly patients
and those with a history of gastrointestinal bleeding or
previous DVT) and their estimates of bleeding risk are likely
to be low. A meta-analysis of 52 randomized controlled
trials (10,929 patients) that used bilateral venography to
compare methods of VTE prophylaxis after elective THA
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found significantly (p < 0.05) more minor wound bleeding
complications with either LDH or LMWH (7.6% to 8,9%)
than in controls (2.2%).”2® A more recent Level 1 study
of TKA patients found that clinically important operative
site hemorrhage occurred in 3% to 7% of patients when
anticoagulants were used.”’

The one Level I study (prospective, randomized, placebo-
controlled, single center, double-blinded) of medical VTED
prophylaxis (dalteparin) in foot and ankle patients** reported
no bleeding complications in either group, but the authors
expressed concern that the dosage of dalteparin they used
(5,000U sc qd) was ineffective because of the similar VTED
rates in the two groups. Another recent placebo-controlled,
comparative study of 440 heterogenous cast-immobilized
patients with lower extremity injuries, however, also noted
no significant differences in hemorrhagic events between
reviparin treatment (14 events) and placebo (12 events),
despite a significant lowering of DVT rates (9% vs. 19%).%

Heparin-Induced Thrombocytopenia (HIT)

Heparin-induced thrombocytopenia (HIT) is a potentially
life-threatening adverse effect of heparin; it occurs more
often after the use of UH than LMWH and is more common
in postoperative patients than in medical patients. Giro-
lami and Girolami*® reported that HIT occurred in 6.5%
of patients who were treated with UH after orthopaedic
surgery, compared to 1% or fewer after other types of
surgery. In up to 50% of patients, HIT leads to DVT, PE,
myocardial infarction, stroke, organ hemorrhage, systemic
and extremity ischemia, amputation, or death.’-47-5281.82
Acute symptoms of HIT may include fever, chills, tachy-
cardia, hypertension, pulselessness, diaphoresis, abdominal
pain, chest pain, dyspnea, and, less commonly, rash or
transient global amnesia.”>333* Once recognized, the hall-
mark of treatment remains immediate cessation of all forms
of heparin or heparin derivative products, followed by the
use of a rapidly acting anticoagulant other than heparin
or any heparin-derived product to reduce thrombin gener-
ation and prevent platelet activation. The currently accepted
anticoagulation options for treating HIT are heparinoids
and direct thrombin inhibitors, with numerous complicated
factors playing into this decision.

Ineffectiveness of Treatment (VTED, fatal PE)

Nonfatal PE has been reported in approximately 0.75%
of the general orthopaedic postoperative population, regard-
less of prophylaxis.>>’ A meta-analysis of 52 randomized
controlled trials comparing all methods of VTE prophy-
laxis after elective THA?® (10,929 patients) identified the
risk of venographically-proven breakthrough DVT (proximal
and distal) as 17.7% to 31.1%, depending on the choice of
agent. The risk of symptomatic PE ranged from 0.16% to
0.36 %, again depending on the agent used (p < 0.0001).
No significant difference was noted in mortality (including
all causes) or fatal PE risk among the prophylactic agents.
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These results compare favorably with more recent data
in a similar Level I study of TKA patients screened by
venography.?” In these patients, the incidence of break-
through VTE ranged from 25% to 45%, depending on the
agent used, although only one symptomatic PE was reported
in 349 patients.

While it is encouraging that most of these studies suggest
that the fatality rates of patients who receive prophylaxis
are significantly lower than those of untreated patients in
the peri-operative period, not all fatal PE are prevented. The
pooled database review!® of all available randomized and
cohort studies that reported overall mortality statistics and
fatal vascular events found that patients who had hip or
knee replacement with DVT prophylaxis had a 0.44% (95%
CI, 0.02-0.87%) overall mortality rate and a 0.43% (range
0.01-0.85%) fatal PE rate in the pooled autopsy studies.
Despite prophylaxis, these numbers were substantially higher
in the autopsy studies of patients who had hip fracture
surgery than in those with THA or TKA, with a reported
8.5% (range 7.3% to 9.7%) overall mortality rate and a
1.0% (range 0.6% to 1.5%) fatal PE rate. Among cohort
studies of patients who had THA or TKA, the pooled data
suggested a 0.57% (range 0.51% to 0.62%) overall mortality
rate and a 0.18% (range 0.14% to 0.30%) fatal PE rate.
Again, even with prophylaxis, risks were higher in patients
with hip fractures, who had a mortality rate of 3.2% (range
2.8% to 3.6%) and a fatal PE rate of 0.30% (range O to
0.61%).

SUMMARY

Venous thromboembolism is a potentially preventable
cause of significant morbidity and mortality in orthopaedic
surgery. Unfortunately, prophylaxis is not without a risk
of complications. Proper identification of patients at risk
for venous thromboembolism, particularly in foot and ankle
surgery, will continue to be an essential aspect of the
perioperative prophylaxis of venous thromboembolism. This
process requires significantly more science than is currently
available.

The incidence of fatal pulmonary embolism is not as well
established in foot and ankle surgery as in arthroplasty or
trauma, and the overall incidence of asymptomatic DVT
also remains elusive. It does seem clear that the potential
for VTED in foot and ankle patients exists and should
be of particular concern in at-risk patients. Defining who
needs prophylaxis and when and how this should be done
is important, because it also seems clear that not all patients
require treatment. A careful patient history is invaluable to
identify potential risk factors, but only adequately powered,
well-designed, properly screened Level I studies can answer
this question, and these will likely require multi-center
participation—perhaps through coordination with the AOFAS.
Weighing the risks of any prophylaxis against its benefits for
any chosen patient will continue to dominate discussion (and
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should dominate the research) in our society over the next
decade, since the levels of evidence guiding current treatment
algorithms are mostly Level IV.

Two things seem clear today: 1) not all foot and ankle
patients require VTED prophylaxis, and 2) the potential
complications of VTED cannot be ignored. Concepts that
appear to be important as part of our approach to avoiding
and treating potential VTED today include:

1. Stasis is frequent after surgery of the foot and ankle,
because patients often are immobilized with a splint or
cast. According to Virchow’s triad, stasis is one of three
general risk factors that predispose to VTED, the other
two being vascular injury and a hypercoagulable state..

2. DVT is more common after hip and knee arthroplasty
surgery than after foot and ankle surgery. The exact
rate of DVT after foot and ankle surgery is unclear.

3. Potentially severe complications that can follow DVT
include proximal extension of the thrombus, pulmonary
embolus, recurrent DVT, post-thrombotic syndrome,
and death.

4. Patients who have foot and ankle surgery should have
a basic screening for VTED risk to determine if some
type of prophylaxis is warranted. High risk factors
include a history of previous DVT or PE, a positive
family history of a hypercoagulable state, and recent
multiple trauma. Other risk factors include advancing
age, relative immobility, obesity, recent airline travel,
and a history of malignancy. Caprini published an
outline of VTED risk factors and created a summary
table of risk factors that may allow each patient’s risk
of VTED to be graded

5. Options for VTED prophylaxis include medical and
mechanical methods. Medical prophylactic agents,
including aspirin, warfarin, and LMWH (enoxaparin),
and fondaparinux have different efficacy/safety profiles.
Presently, aspirin is not recommended as an isolated
prophylactic treatment for high-risk patients. Mechan-
ical prophylaxis includes intermittent compression
pumps, which work in part by increasing the velocity
of venous return and thereby decreasing venous stasis.
However, mechanical prophylaxis has been poorly
studied in foot and ankle patients and often is not prac-
tical in patients with casts or restrictive dressings.

6. The use of DVT prophylaxis by practicing foot and
ankle surgeons is widely variable because of the lack
of conclusive evidence (Level I and II studies). No
reasonable algorithm now exists to effectively guide
treatment or avoid unnecessary complications.

7. Prophylaxis, even when properly administered, can
result in complications in 1.5% to 5% of patients;
complications most frequently are increased bleeding
and more frequent wound problems, but heparin-
induced thrombocytopenia (HIT), a potentially severe
or fatal complication, also may occur.
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