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■ Prophylaxis must start before surgery for maxi-
mal benefit, since at least 50% of postoperative
thromboembolic disease begins intraoperatively.

■ A consensus conference found that 
prophylaxis reduced fatal pulmonary emboli by
75% in 7,000 gynecologic surgery patients.

■ Low-dose unfractionated heparin and low 
molecular weight heparin appear similarly effective
in reducing thromboembolic disease in perioperative
patients, but it is unclear which form has fewer
bleeding complications.

K E Y P O I N T S

T
he case is strong for routine prophylaxis

against venous thrombosis and pul-

monary embolism. The primary rea-

sons: efficacy, ease of use, and safety.

This article reviews the evidence on rou-

tine prophylaxis, pros and cons of mechanical

and drug therapies (including a comparison of

2 heparins), patient risk factors, and cost-

effectiveness. A table (page 32) lists patient

characteristics for low, moderate, high, and

very high levels of risk, with corresponding

appropriate preventive measures.

Routine prophylaxis is a wiser strategy

than postevent treatment or surveillance

because:

• Thromboembolism is a stealthy adversary,

particularly pulmonary embolism. Between

10% and 20% of patients with pulmonary

emboli die, often within 30 minutes of the

sentinel complaint.

• Even when pulmonary embolus is docu-

mented during autopsy, as many as 80% of

patients have no antecedent clinical evidence

of deep venous thrombosis (DVT)—and no

chance of life-saving therapy.2

• Surveillance is the least desirable preventive

option due to lack of sensitivity of noninva-

sive tests for thromboembolic disease.

Scope of thromboembolic disease

Thromboembolism is the leading potential-

ly preventable cause of hospital fatality.1

In postoperative gynecologic surgery

patients, pulmonary embolism occurs in 0.1%

to 5% of cases, depending on risk.2 Venous

thrombosis occurs on average in 15% of post-

operative gynecologic surgery patients, with a

range of 5% to 29%, depending on patient risk
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factors and the surgical procedures performed.3

Almost 50% of gynecologic patients undergo-

ing surgery for cancer develop a lower-extrem-

ity venous thrombosis if left untreated.4

Overall, thromboembolic disease is

linked with some 500,000 hospital admis-

sions every year. Pulmonary embolism, the

most serious complication, causes 60,000 to

200,000 deaths annually. 

High risk of recurrence. Postthrombotic

syndrome is characterized by pain, swelling,

and leg ulceration. At least 50% of patients suc-

cessfully treated for proximal venous thrombo-

sis (thigh) and about 33%  treated for distal

venous thrombosis (calf) develop postthrom-

botic syndrome.1 The risk for recurrent throm-

bosis is high. 

Risk factors are listed in TABLE 1. The risk of

fatal pulmonary embolism is directly related to

age; persons over 60 are at greatest risk. When

the patient is obese—particularly when she

exceeds 120% of ideal body weight—the risk is

even greater due to venous stasis. 

Common hypercoagulable states

Activated protein C resistance, the most

common thrombophilia, occurs in 3% to 7%

of Caucasians (TABLE 2).7 It is usually associ-
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How thromboemboli develop

Most thromboembolic events occur
within 7 days of surgery,  but patients
remain at risk for as long as 21 days
due to limited ambulation. Malignancy
extends the risk of pulmonary emboli
to 30 days after surgery.4 

Thrombi usually begin intra-

operatively. The risk of thrombus 
is directly related to the length of the
operation. In at least 50% of post-
operative venous thrombus patients,
the thrombus began during surgery.5

Most clots begin in the soleal

venous sinuses of the calf.

In about 1 of 5 patients with 
distal venous thrombosis, the clot
propagates proximally into the 
popliteal and femoral veins; 
about 40% shower pulmonary emboli. 

Pulmonary emboli from the 
pelvic and hypogastric veins have 
also been associated with fatalities, 
but the benefit of prophylaxis has 
not been assessed.6
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ated with factor V Leiden mutation. 

Prothrombin gene mutation G20210A, the

next most common thrombophilia, occurs in

2% of Caucasians.7

Antiphospholipid antibody syndromes are

acquired thrombophilias that may be associated

with arterial and venous thrombosis, thrombo-

cytopenia, and complications of pregnancy.8

Hyperhomocystinemia may be congenital

or acquired. It is associated with venous

thromboembolism and early atherosclerosis

with arterial thrombosis. 

Thrombosis is more likely with multiple

predisposing factors. Most patients with

one of the thrombophilia syndromes do not

have sentinel thrombotic events unless they are

further challenged by environmental risks such

as oral contraceptives (OCs), pregnancy, pro-

longed immobilization, or surgery.9

Risk is markedly enhanced if multiple pre-

disposing factors are present. For example,

when factor V Leiden mutation and hyperho-

mocystinemia coexist, the risk for thrombosis

increases 10 to 20 times over that of patients

with neither abnormality.10 This combined risk

far exceeds the sum of risks for each abnor-

mality alone.

When to test for thrombophilias

Although women with thrombophilias are

at high risk for thromboembolic disease, it

is unclear whether identifying the thrombophil-

ia is more beneficial than universal prophylaxis.

If a patient has a personal or family history of

thromboembolic disease—especially a patient

with Caucasian ancestry—testing is probably

warranted. While documentation of the throm-

bophilia may not help with perioperative man-

agement, it may be useful for long-term care. 

Testing for factor V Leiden mutation is

recommended due to its prevalence. If the results

are negative in a patient at risk, test for pro-

thrombin gene mutation G20210A, as well as

deficiencies in the naturally occurring inhibitors

protein C, protein S, and antithrombin III. 

Assess antiphospholipid antibodies in

women who have experienced recurrent fetal

loss or early pregnancy-induced hypertension.

Continue OCs or hormone therapy

OCs and menopausal hormone replace-

ment therapy produce measurable pro-

thrombotic changes in the clotting system that

Common hypercoagulable conditions

TA B L E 2

Factor V Leiden mutation

Prothrombin gene mutation G20210A

Antiphospholipid antibody

Lupus anticoagulant

Anticardiolipin

Protein C deficiency

Protein S deficiency

Antithrombin III deficiency (Heparin cofactor II)

Plasminogen deficiency

Hyperhomocystinemia

Myeloproliferative disorders

Polycythemia

Primary thrombocytosis

Risk factors for thromboembolism

TA B L E 1

Age

Estrogen use

Extended pelvic surgery 

Hypercoagulable states

Immobility

Indwelling central venous catheter(s)

Lower-extremity paralysis

Malignancy 

Medical illnesses

Chronic pulmonary disease

Congestive heart failure

Diabetes mellitus

Inflammatory bowel disease

Nephrotic syndrome

Obesity

Pregnancy

Prior thromboembolic disease 

Radiation therapy

Trauma

Varicose veins
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appear to be directly related to the estrogen

content. In theory, discontinuing the OC or

hormone replacement therapy preoperatively

would allow these changes to return to base-

line and help prevent thromboembolic disease.

Although the risk of thromboembolic

disease is 0.96% if patients are current users

of OCs and 0.5% if they are not, studies have

failed to confirm a clinical benefit of discon-

tinuation.11 Further, the patient does not

return to baseline for 4 to 6 weeks after ceas-

ing therapy. 

The potential risk of thromboembolic

events also should be weighed against the risk

of conception prior to surgery. We usually do

not recommend discontinuation of OCs and

hormone therapy before surgery, but  give pro-

phylaxis based on risk assessment.

Pregnancy increases the risk of thrombosis, in

part due to the progressive increase in resist-

ance to activated protein C in the second and

third trimesters. Risk is increased eightfold in

women with inherited deficiency in any of the

naturally occurring anticoagulants—

antithrombin III, protein C, or protein S—

compared with those with no deficiency.12

Preventive strategies

Two approaches to thromboembolic pro-

phylaxis have been proposed, with pre-

vention of fatal postoperative pulmonary

emboli as a clear endpoint:

• Stratify a targeted group into levels of risk;

then treat those at higher risk. Unfortunately,

efforts to define risk have met with only par-

tial success, due to limited availability of non-

invasive screening, screening logistics, and

expense. Further, specificity and positive pre-

Venous stasis, vessel-wall trauma, and increased

blood coagulability—the major contributors to

perioperative DVT, known as Virchow’s triad—were

identified more than 125 years ago.

Venous stasis. Intraoperatively, venous blood

return from the lower extremities is reduced to

less than half its normal rate,34 secondary to mus-

cle relaxation during anesthesia, which causes

venous dilation and reduced blood-flow velocity.

Packing the abdominal contents may further

impede blood return from the legs.

Resultant venous stasis causes platelet adhe-

sion to the vein wall, followed by release of a throm-

boplastin-like substance that may trigger thrombus

formation. 

Blood flow increases in the immediate post-

operative period with return of muscle tone, but

remains significantly diminished for 21 days

because of immobilization—specifically, lack of

the usual pumping action of the leg muscles. 

Vessel-wall trauma. Veins are highly likely to be

damaged as vessels are skeletonized during major

pelvic surgery, especially when malignancy is

involved. Tissue injury activates the coagulation

cascade by exposing blood to tissue thromboplas-

tin (extrinsic path) and subendothelial collagen in

the vessel wall, which activates factor XII (intrinsic

path). Both pathways lead to conversion of factor

X to its active form, factor Xa. Acting in concert

with factor V, calcium, and phospholipids from

platelet factor III, factor Xa catalyzes the conver-

sion of prothrombin to thrombin. Thrombin regu-

lates the conversion of fibrinogen to fibrin, the

basic building block of a thrombus.

Increased blood coagulability. Clotting factors XI,

IX, and VII increase following surgery, as do circulat-

ing platelets and platelet aggregation. This enhances

coagulability, which persists from 72 to 96 hours

after surgery but is usually balanced by the fibri-

nolytic system. Fibrinolysis is mediated primarily by

plasmin, which digests fibrin and fibrinogen and acti-

vates factors V and VIII. If the fibrinolytic system is

overwhelmed, the clotting system is unimpeded

and thrombus formation may accelerate.

Virchow’s triad: How intraoperative factors lead to clot formation
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dictive value of screening  asymptomatic

patients is low. 

• Use prophylaxis in all patients in the target-

ed group, regardless of risk (TABLES 3 AND 4).

This strategy seems effective. For example, in

2001, the Sixth American College of Chest

Physicians Consensus Conference—the

most recent of the consensus conferences—

evaluated the risks of pulmonary embolus in

7,000 gynecologic surgery patients enrolled

in prospective studies. Routine prophylaxis

reduced fatal pulmonary emboli by 75%.13

The difficulty of defining patients at

highest risk makes the concept of universal

prophylaxis for a targeted group an attractive

option unless a specific contraindication is

identified.

Drug and mechanical therapies

Strategies for preventing thromboembolic

disease attempt to mitigate the impact of

venous stasis, endothelial injury, and hyper-

coagulable states. Traditionally, early ambu-

lation, adequate hydration, and elevation of

the lower extremities have been used,

because they are simple and inexpensive

interventions. 

More recently, pharmacologic and

mechanical therapies have proven effective in

reducing the incidence of DVT and fatal pul-

monary emboli. Prophylactic measures com-

monly used today are:

• graduated compression stockings

• external pneumatic leg or foot compression

devices

Risk stratification and prophylactic regimens

TA B L E 3

LEVEL OF RISK PATIENT CHARACTERISTICS RECOMMENDED REGIMEN

Low Less than 40 years of age No specific recommendation for therapy
Undergoing uncomplicated minor surgery Adequate hydration
Requires less than 30 minutes of anesthesia Aggressive early ambulation
No additional risk factors

Moderate Undergoing minor surgery with additional Graduated compression stockings or
risk factors SPCDs or

40 to 60 years of age, undergoing minor LDUH 5,000 U every 12 hours or
surgery, and no additional risk factors LMWH (20 mg) or 2,500 U antifactor Xa 

Less than 40 years of age, undergoing major once daily 
surgery, and no additional risk factors

High More than 60 years of age, undergoing LDUH 5,000 U every 8–12 hours or
minor surgery or with additional risk factors LMWH (40 mg) or 5,000 U antifactor 

More than 40 years of age undergoing Xa once daily
major surgery or with additional risk factors SPCDs may be added

Very high More than 60 years of age, undergoing major Graduated compression stockings or
surgery, with other risk factors such as cancer, SPCDs and
prior venous thromboembolism, molecular LDUH 5,000 U every 8 hours or 
hypercoagulable state, major trauma, spinal LMWH (40 mg) or 5,000 U antifactor  
cord injury, or lower-extremity paralysis Xa once daily

Other risk factors such as cancer, prior venous
thromboembolism, molecular hypercoagu-
lable state, major trauma, spinal cord
injury, or lower-extremity paralysis

LDUH = low-dose unfractionated heparin; LMWH = low molecular weight heparin; SPCD = sequential pneumatic compression device

Note: Because perioperative prophylaxis is still evolving, these suggestions should not be considered inviolable.

Source: Modified from Geerts WH, et al.13
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• low-dose unfractionated heparin

• low molecular weight heparin 

MECHANICAL THERAPIES

Graduated compression 

stockings

Compression stockings are one of the

earliest methods of preventing peri-

operative thrombosis. Compression is

greatest at the toe and gradually dimin-

ishes toward the thigh. When Belcaro14

studied the risk of recurrent venous

thrombosis in nonsurgical hospitalized

patients, thrombosis recurred in 40% of

patients with no therapy, but only 9.4%

of patients wearing graduated compres-

sion stockings (GCS). Adding oral antiplatelet

therapy lowered the risk to 2%. However,

GCS were not superior to any other method of

preventing recurrent DVT.

As for surgical patients, a single study15

demonstrated protection against DVT when

compared with no GCS in  elective gyneco-

logic surgery patients.

Today, GCS are usually a perioperative

adjunct  to other preventive methods,  to pro-

vide added protection. 

Proper fitting by trained personnel is

vital; otherwise, a tourniquet effect may cause

venous stasis and reduce benefit.

Sequential pneumatic 

compression devices

Like GCS, these devices decrease the cal-

iber of veins by simple compression. They

also increase blood flow velocity and stimu-

late the endogenous fibrinolytic system. 

Enhanced fibrinolytic activity due to

intermittent compression occurs even if the

device is used on only 1 lower extremity,  or on

an upper extremity. Patient and nursing-staff

compliance may affect efficacy. Sequential

pneumatic compression devices (SPCDs) may

be thought inconvenient, impeding nursing

functions. Some patients may find the repeti-

tive inflation-deflation cycles annoying. 

These devices must be activated prior to

surgery and continued for a minimum of 24

hours. Some studies suggest that SPCDs be

used for 5 days in high-risk situations.16

Calf- and thigh-length devices have similar

effects. Rare complications include peroneal

nerve injury and compartment syndrome. 

What the data show. In an analysis of 4 tri-

als comparing SPCDs with no therapy,

thromboembolic disease occurred in only 2%

of patients who wore SPCDs but in 20% of

those who did not.17 Compared with low-dose

unfractionated heparin, no difference in the

rate of DVT was seen.18  However, risk of trans-

fusion and retroperitoneal drainage volume

increased in the heparin group.

Contraindications include active or suspect-

ed DVT, congestive heart failure, known pul-

monary embolus, and leg injuries.19

Combined therapy may be best for

high-risk women. A study20 of women who

developed thromboemboli despite appropri-

ate treatment with SPCDs found the women

more likely to be older than 60 years and/or

to have cancer or  history of thromboembolic

disease or hypertension. This high-risk group

may benefit from combined therapy.

Foot compression devices resemble

booties and mimic the plantar compression

that occurs during walking. They increase

Incidence of thromboembolic events
based on level of risk

TA B L E 4

Low Moderate High Very high

SITE OF RISK LEVEL (%)
THROMBOSIS

Calf veins 2 10–35 30–60 63.5
(distal)

Iliofemoral 0.4 2–8 5–10 10–20
veins (proximal)

Pulmonary 0.2 1–2 2–4 4–10
emboli

Fatal pulmo- 0.002 0.1–0.5 0.4–1 0.2–5
nary emboli

Source: Modified from Geerts WH, et al.13
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blood-flow velocity, stimulate the endoge-

nous fibrinolytic system, and have the same

indications as SPCDs.  However, they are

only moderately effective in reducing venous

thrombosis.21 Potential drawbacks are that

the devices must be removed when the

patient ambulates and replaced when she

returns to bed.

DRUG THERAPIES

Low-dose unfractionated heparin

Heparin alters the molecular configuration

of antithrombin III, making it 1,000 to

4,000 times more potent as an inhibitor of

thrombin formation, which in turn limits con-

version of fibrinogen to fibrin. This prolongs

the activated partial thromboplastin time

(aPTT) commonly used to monitor patients

receiving full anticoagulation therapy.

A naturally occurring mucopolysaccha-

ride with a molecular weight ranging from

3,000 to 30,000 daltons, heparin is richly con-

centrated in mast cells. Its anticoagulant prop-

erties relate primarily to interaction with

antithrombin III (also known as heparin

cofactor II), factor IXa, factor Xa, factor XIa,

factor XIIa, and platelet aggregation.22

Heparin also inhibits the effects of factor

Xa on the coagulation cascade and limits

platelet aggregation.23

Half-life is 1 hour for intravenous heparin and

about 3 hours for subcutaneous heparin.

Use in pregnancy. Low-dose unfractionated

heparin (LDUH) does not cross the placenta

and is safe to use during pregnancy. 

What the data show. Randomized clinical

trials conducted prior to 1988 showed venous

thrombosis decreased by 70% and pulmonary

embolus by 50% in patients treated with

LDUH, compared with those receiving no

therapy.24

Dosing options. LDUH typically is given as

a 5,000-U dose 2 hours before surgery. The sin-

gle preoperative dose seems to be as effective as

multiple preoperative doses.25 Postoperative

therapy is instituted 8 to 12 hours after surgery;

heparin is given every 8 to 12 hours until the

patient is fully ambulatory. 

Patients having gynecologic surgery for

benign conditions benefit from the twice-daily

regimen, and those undergoing gynecologic

oncology surgery or other high-risk procedures

seem to benefit from thrice-daily dosing.26

These regimens also significantly reduced

DVT and fatal pulmonary emboli in general

surgery patients.27 The LDUH regimen is

now used to judge the efficacy of other pro-

phylactic measures. 

Low molecular weight heparin

This form of heparin acts primarily by

inhibiting factor Xa, which is higher in the

coagulation cascade than antithrombin. Thus,

low molecular weight heparin (LMWH) is

more efficient than unfractionated heparin. 

LMWH has a molecular weight of 3,000

to 6,000 daltons and is produced by concen-

trating the low molecular component of

heparin. Because the molecular configuration

of antithrombin III is not altered by LMWH,

thrombin conversion is minimally inhibited

and aPTT is not appreciably affected.

Half-life is approximately 4 hours, by any

route of administration. The longer half-life

provides a longer dosing interval.

Bioavailability is more consistent than that of

LDUH, approaching 90% to 95%. The excel-

lent bioavailability allows dosing to be  based

on lean body mass. Less heparin-induced

thrombocytopenia is another plus.  

Use in pregnancy. LMWH does not cross the

placenta and is safe to use during pregnancy. 

What the data show. No randomized trials

have compared LMWH therapy with no ther-

apy, with efficacy assessed by venography or

fibrinogen uptake. An uncontrolled series28 of

2,030 patients did show that LMWH reduced

the incidence of thromboembolic disease.

A randomized controlled trial29 compar-

ing 2,500 U and 5,000 U daily of dalteparin

(an LMWH) found greater efficacy in the

higher-dose group (6.6% versus 12.7% inci-



dence of DVT), but bleeding complications

also were higher (4.7% versus 2.7%). In a sub-

group of patients with malignancy, the high-

dose therapy remained superior in preventing

DVT, and the bleeding risk was equal.

Dosing options. Once a day dosing is nor-

mally adequate for prophylaxis; twice-daily

dosing is needed for therapy. Enoxaparin is an

LMWH that is readily available in the United

States and commonly prescribed when use of

LMWH is desired. For prophylaxis, it can be

given in daily doses of 20 mg, 30 mg, 40 mg,

or 60 mg. None of these doses has proven

superior to the others. The typical regimen

for moderate risk is 20 mg per day; for high

risk, 40 mg per day. Enoxaparin appears to

convey the same degree of protection as 5,000

units of LDUH every 8 hours. 

2 heparins compared

Randomized controlled trials comparing

LDUH and LMWH have found them to

be similarly effective. In addition, within the

LMWH class, all compounds appear to have

similar benefits. However, it remains unclear

which form of heparin is associated with

fewer bleeding complications. 

In theory, LMWH would be associated

with an increase in these complications due to

its longer half-life and increased bioavailabil-

ity.30 However, studies have not consistently

identified excess bleeding in any group.31

Fortunately, excess postoperative bleeding

requiring transfusion is uncommon.

Complications of heparin 

Heparin-induced thrombocytopenia is a

recognized complication, seen in as many as

20% of LDUH patients. The diagnosis is

made when the platelet count falls below the

lower limits of normal or when the platelet

count falls by 50% but remains in the normal

range. Two forms of heparin-induced throm-

bocytopenia have been described.
� Type 1 thrombocytopenia is initially   mild,

rarely dropping below 100,000 platelets per

milliliter. Platelet count monitoring is impor-

tant, but therapy usually can continue, since

the platelet count returns to normal even with

continued use. Type 1 thrombocytopenia

appears to directly result from platelet activa-

tion and is not immune-mediated.
� Type 2 thrombocytopenia occurs 7 to 14

days after starting therapy. Platelet counts fre-

quently drop to 20,000 per milliliter. Type 2 is

an immune response caused by antibodies to

the heparin-platelet factor 4 complex. Patients

are at risk for venous and arterial thrombosis,

but often the diagnosis is made only after a

complicating thrombotic event. 

The risk of type 2 thrombocytopenia

appears to be related to the molecular weight of

the compound being administered, its dose,

and the duration of therapy. Therefore, unfrac-

tionated heparin—if given in full anticoagula-

tion doses and beyond 14 days—seems to have

the greatest potential for this complication. 

Paradoxically, these patients also are at risk

for severe hemorrhage. Because mortality and

morbidity are high, immediate withdrawal of

all forms of heparin—including LMWH—is

mandatory.32 Catastrophic hemorrhage or

thrombosis may be the first sign. Often a fall in

platelet concentration precedes serious compli-

cations. Thus, platelet concentration should be

monitored at least every 2 days.

Hematoma with conduction anesthesia.

Use of major conduction anesthesia in patients

who also need LMWH, LDUH, or oral anti-

coagulants is controversial. LMWH may pose

a risk of hematoma if initiated preoperatively,

intraoperatively, or within 3 hours of surgery in

patients who have a continuous epidural.

Hematoma formation seems to occur immedi-

ately following catheter withdrawal. 

The risk of hematoma appears to be

lower with single-dose spinal or single-dose

epidural anesthesia. While the incidence of

epidural or spinal hematoma is not known,

some cases have been associated with long-

term neurologic sequelae, including perma-

nent paralysis. 
C O N T I N U E D
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Responding to this concern, the US Food

and Drug Administration issued a 1997 advi-

sory noting the risk of spinal hematoma in

patients receiving enoxaparin plus conduction

anesthesia or lumbar spinal puncture. Most

anesthesiologists significantly restrict the use of

conduction anesthesia in patients requiring

heparin prophylaxis.33

Cost-effectiveness

The cost of perioperative prophylaxis has

been compared with the cost of immedi-

ate therapy for thromboembolic disease and

long-term therapy for postthrombotic syn-

drome. Across the board, universal prophy-

laxis with pharmacotherapy or mechanical

devices in patients undergoing abdominal

surgery is less expensive than no prophylaxis,

based on a reduced incidence of DVT.

Pneumatic compression seems to be more

cost-effective than pharmacotherapy.34

Because LDUH is substantially less

expensive than LMWH in the United States,

it has a better cost profile when pharma-

cotherapy is warranted. In Europe, where the

cost of heparin compounds is not an issue,

LMWH has a slight advantage. ■
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