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Prevention of Venous Thromboembolic
Events After Gynecologic Surgery
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Venous thromboembolic events (deep vein thrombosis [DVT] and pulmonary embolism) are
serious preventable complications associated with gynecologic surgery. Preoperative risk assess-
ment of the individual patient will provide insight into the level of risk and the potential benefits
of prophylaxis. Common risks include a history of venous thromboembolism, age, major surgery,
cancer, use of oral contraceptives or hormone therapy, and obesity. Based on the presence of
risk factors, the patient should be categorized into one of four risk groups and appropriate
thromboprophylaxis prescribed. Randomized clinical trials in gynecologic surgery and general
surgery have established the significant value of thromboprophylaxis. For moderate- and
high-risk patients undergoing surgery for benign gynecologic conditions, low-dose unfraction-
ated heparin, low molecular weight (LMW) heparins, intermittent pneumatic leg compression,
and graded compression stockings all have demonstrated benefit. If using low-dose unfraction-
ated heparin in high-risk patients, the heparin should be administered 5,000 units every 8 hours.
Because DVT often begins in the perioperative period, it is important to initiate low-dose
unfractionated heparin or administer the first LMW heparin dose either 2 hours preoperatively
or 6 hours after the surgical procedure. Low molecular weight heparin has the advantage of
being administered once daily but is more expensive than low-dose unfractionated heparin. In
addition, LMW heparin has not been shown to be more effective and has similar risk of bleeding
complications when compared with low-dose unfractionated heparin. In the very high-risk
patient, a combination of two prophylactic methods may be advisable and continuing LMW
heparin for 28 days postoperatively appears to be of added benefit.
(Obstet Gynecol 2012;119:155–67)
DOI: 10.1097/AOG.0b013e31823d389e

Deep vein thrombosis (DVT) and pulmonary em-
bolism, also referred to as venous thromboem-

bolic events, are two major complications after gyne-

cologic surgery that can result in significant morbidity
and mortality.1 The U.S. Department of Health and
Human Services Agency for Healthcare Research
and Quality identified the “appropriate use of prophy-
laxis to prevent venous thromboembolism” as a key
safety practice recommendation.2 Based on random-
ized clinical trials, appropriate venous thromboembo-
lism prophylaxis would significantly reduce these
adverse events. This article will review the available
evidence that demonstrates the benefit of prophy-
laxis. When available, we review trials performed in
patients undergoing gynecologic surgery. However,
when not available, trials from general surgery are
referenced.

BURDEN OF DISEASE
Two million Americans will develop a DVT each
year, and almost one third also will develop a pulmo-
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nary embolism, resulting in 60,000 deaths annually3

The incidence of a first venous thromboembolism is
one to two per 1,000 individuals per year.4,5 The
case-fatality rate for pulmonary embolism is 11–12%,
although this percentage is higher in patients with
cancer and lower in young patients.5,6

The prevalence of DVT after gynecologic surgery
varies depending on the method used for diagnosis.
When I125 fibrinogen leg scanning is performed, the
DVT prevalence ranges from 15% to 30%. The
diagnosis of DVT is approximately 3% when diag-
nosed clinically and fatal pulmonary emboli occurs in
0.2–0.9% of patients.1 When diagnosed by I125 fibrin-
ogen leg scanning, the incidence of DVT in gyneco-
logic surgery varies widely depending on the risk
factors of the individual patient. Approximately 14%
of patients undergoing gynecologic surgery for benign
indications develop thromboembolism,7 whereas
DVT has been observed in 38% of gynecologic
oncology patients postoperatively.8 The rate of pul-
monary embolism in the patient with gynecologic
cancer is between 1% and 2.6% and as high as 6.8% in
patients with ovarian cancer.9

Although many DVTs may be asymptomatic, the
presence of a DVT is strongly associated with the
development of a symptomatic pulmonary embo-
lism.1 Death from a pulmonary embolism occurs
rapidly with most patients dying within 30 minutes of
the first clinical symptoms. Because insufficient time
exists for therapeutic interventions for pulmonary
embolism, strategies to lower the rate of fatal pulmo-
nary embolism must be directed at preventing the
occurrence of DVT. Identification of high-risk patients
and institution of consistent, effective thromboprophy-
laxis can reduce the incidence of this common, often
preventable cause of postoperative mortality. Reducing
venous thromboembolism will also decrease the asso-
ciated morbidity of chronic venous stasis changes and
ulcers in the lower extremity as well as chronic
pulmonary hypertension.

Once a thrombus is formed, the risk of pulmo-
nary embolism depends on the location of the clot. In
a prospective study of 382 gynecologic oncology
patients, 17% of patients developed DVT as diag-
nosed by I125 fibrinogen scanning. Eighty-five percent
of these thrombi were located in the calf veins.10 In
follow-up, nearly one third of these calf thrombi lysed
spontaneously, and 65% did not propagate out of the
calf during postoperative surveillance. Only 4% prop-
agated to the proximal leg veins, and an additional 4%
became symptomatic pulmonary emboli (Fig. 1).
These findings emphasize that calf vein thrombosis,
although a frequent event, is of minimal clinical

significance. Moreover, 40% of the gynecologic on-
cology patients, who developed postoperative symp-
tomatic pulmonary embolism, had no evidence of
DVT in the legs, emphasizing that pelvic vein
thrombi pose a high risk of pulmonary embolism.10

RISK FACTORS FOR VENOUS
THROMBOEMBOLISM
In 1858, Virchow reported that the development of
thromboembolism is dependent on three factors:
hypercoagulability, venous stasis, and vessel wall in-
jury (venous endothelial damage).11 Patients undergo-
ing gynecologic surgery are predisposed to thrombo-
embolism because of alteration in one or more of
these factors. Perioperative and postoperative immo-
bility can adversely affect the drainage of blood from
the lower extremity, promoting the development of a
DVT.12 Pelvic masses, a gravid uterus, surgically
induced hematomas, or lymphocysts also can lead to
venous stasis10 (Fig. 2). Additionally, vessel wall injury
can result from surgical dissection or malignant
growth of a tumor into vascular tissues. Coagulation
can result from decreased fibrinolytic activity associ-
ated with an operative procedure.13 Elevated coagu-
lation factors (ie, factors I, V, VIII, IX, X, and XI),
activated intermediates (antithrombin III complexes),

Fig. 1. Computed tomography angiogram of large left
pulmonary embolism (sagital oblique reconstruction) pul-
monary embolus in oval. AA, ascending aorta; RA, right
atrium; MPA, main pulmonary artery. Courtesy of Joseph
M. Stavas, MD, Division of Interventional Radiology, Uni-
versity of North Carolina.
Clarke-Pearson. Preventing VTE After Gynecologic Surgery.
Obstet Gynecol 2012.
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and platelet abnormalities contribute to a hypercoag-
ulable state in the gynecologic oncology patient.14

Cancer cells also secrete procoagulants (eg, tissue
factor and cancer procoagulant) as well as factors that
affect endothelial permeability (eg, vascular endothe-
lial growth factor) and promote fibrin deposition.15

Immobilization is a major risk factor for develop-
ing a venous thromboembolism with a ninefold in-
crease seen in patients on bed rest. Hospitalization
and surgery are also associated with an increased
thrombosis risk with odds ratios (ORs) of 11.1 and
5.9, respectively.16

Clinical risk factors in a gynecologic surgery popu-
lation were assessed in a prospective study of 411
women undergoing major gynecologic surgery for
both benign and malignant conditions. These women
did not receive any prophylaxis except for early
postoperative ambulation. Based on a multivariable
analysis, the following clinical findings were identified
as independent risk factors: a history of venous
thromboembolism, current diagnosis of gynecologic
cancer, increasing age, African American race, ankle
edema or varicose veins, prolonged surgical time, and
prior radiation therapy. High-risk surgical procedures
were pelvic exenteration or radical vulvectomy with
inguinal–femoral lymphadenectomy.17

The risk of venous thromboembolism after gyne-
cologic laparoscopic surgery is uncertain. Some ret-
rospective series of gynecologic laparoscopic proce-

dures reported no venous thromboembolism in more
than 75,000 laparoscopic procedures. These reports
focused on intraoperative complications and may not
have intended to provide information about long-
term or perioperative complications.18,19 Others have
reported very low rates of postoperative venous
thromboembolism (0–0.3%) and have suggested that
venous thromboembolism prophylaxis is not neces-
sary for laparoscopic surgery.20,21 However, many of
the laparoscopic procedures performed in these stud-
ies were relatively simple (diagnostic, sterilization,
lysis of adhesions, fulguration of endometriosis) in a
low-risk population of young women. Studies that
have triaged patients by level of surgical complexity
have reported a rate of venous thromboembolism for
“operative” laparoscopy that is very similar to that
reported for open procedures. Harkki-Siren et al re-
ported an overall mortality rate from pulmonary embo-
lism after laparoscopic surgery as 1.0 per 100,000 lapa-
roscopic cases.22 However, when the mortality rate was
calculated to include only total laparoscopic hysterecto-
mies, the death rate was 19.6 per 100,000. Similarly,
Nick et al reported that increasing “surgical complexity”
resulted in higher rates of venous thromboembolism
after laparoscopic procedures.23

A retrospective study that was confined to only
those women having laparoscopic hysterectomies
found an overall 1.0% incidence of clinical venous
thromboembolism. However, venous thromboembo-
lism occurred in 2.3%, 2.3%, and 2.9% in patients
older than 60 years, who had cancer, or had medical
comorbidities, respectively.24 The only randomized
trial comparing outcomes of laparoscopic surgery
with open surgery was conducted by the Gynecologic
Oncology Group. Patients with endometrial cancer
were randomly assigned to undergo hysterectomy,
bilateral salpingo-oophorectomy, and pelvic and pa-
ra-aortic lymphadenectomy by either a laparoscopic
or open approach. Two percent of patients in both
groups had a clinically significant venous thrombo-
embolism, including fatal pulmonary embolism.25 Al-
though randomized, prospective data are limited to
this one study, it seems reasonable to consider pa-
tients who are undergoing complex laparoscopic pro-
cedures (including hysterectomy) as at similar risk to
those undergoing “open” procedures.

Many environmental, inherited, and acquired
risk factors influence coagulability. Hormone therapy
and oral contraceptive use are associated with an
increased risk of venous thromboembolism. In pa-
tients using estrogen plus progestin therapy, the
Women’s Health Initiative showed a doubling in risk
of venous thrombosis from 1.7 to 3.5 events per 1,000

Fig. 2. Pelvic magnetic resonance imaging showing bilat-
eral common iliac venous thrombosis (arrows) caused by
compression of an enlarged uterus (leiomyomas). Courtesy
of Joseph M. Stavas, MD, Division of Interventional Radi-
ology, University of North Carolina.
Clarke-Pearson. Preventing VTE After Gynecologic Surgery.
Obstet Gynecol 2012.
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person-years (hazard ratio, 2.1; 95% confidence inter-
val [CI] 1.6–2.7).26 Tamoxifen use is associated with a
similar increase in risk of a major venous thrombo-
embolism (OR 2.1, 95% CI 1.1–4.1).27 When using
estrogen alone, venous thromboembolism risk re-
mains modestly elevated with a hazard ratio of 1.32
(95% CI 0.99–1.75).28 Although venous thromboem-
bolism is associated with estrogen and progestin use,
the overall number of events is low. No trials exist that
show a reduction in postsurgical venous thrombo-
embolism with preoperative discontinuation of hor-
mone therapy; thus, this practice cannot be rou-
tinely recommended.

Prospectively collected data show a small in-
crease in postoperative venous thromboembolism
from 0.5% to 0.96% in oral contraceptive users.29

Despite a large sample size of more than 17,000
women, this did not reach statistical significance.
Venous thromboembolism risk with oral contracep-
tive use is directly related to estrogen dose with a
decreased risk associated with low-estrogen formula-
tions. Prothrombotic clotting factor changes appear to
persist for 4–6 weeks after oral contraceptive discon-
tinuation.30 A systematic review of a high-risk popu-
lation found that women with thrombophilia were
five to 15 times more likely to develop a venous
thromboembolism while using oral contraceptives.31

Discontinuation of oral contraceptives may be a rea-
sonable choice in patients at especially high risk to
develop postsurgical venous thromboembolism, but
no data exist to support this as a general practice.
Thromboprophylaxis should be considered for pa-
tients taking oral contraceptives because of the in-
creased risk of venous thromboembolism.

Identified in 1993 as the major cause of activated
protein C resistance, factor V Leiden is the most
common inherited thrombophilia and is carried by
5% of whites.32,33 Half of patients with thrombophilia
and 20% of patients with venous thromboembolism
carry this mutation. Heterozygotes have a threefold to
eightfold increase of venous thromboembolism,
whereas homozygotes are more severely affected with
a 50-fold to 80-fold increase in risk.34 Prothrombin
20210A mutation is another common mutation found
almost exclusively in whites and in 6% of patients
with venous thromboembolism. This mutation causes
an abnormally elevated prothrombin level, which
results in a venous thromboembolism rate three times
higher than baseline.35 Factor V Leiden mutation and
prothrombin mutation may be diagnosed by DNA
analysis; factor V Leiden mutation can also be de-
tected in an abnormal activated protein C resistance
assay. Most inherited factors do not result in venous

thromboembolism formation until a precipitating
event such as pregnancy, surgery, or exogenous hor-
mone use occurs.31 The most common mutations
found in patients with a venous thromboembolism
are factor V Leiden mutation and prothrombin gene
mutation G20210A. Presence of one of these condi-
tions in the setting of pregnancy or major surgery
confers an elevated venous thromboembolism risk
and may place a patient into the highest risk category.
A comprehensive summary of risk factors for venous
thromboembolism is listed in Box 1.

RISK STRATIFICATION
Patients should be classified preoperatively into one
of four risk categories to determine the appropriate
thromboprophylaxis regimen. Venous thromboem-
bolism risk is determined based on procedure type
and duration, age, and presence of other risk factors.
American College of Chest Physicians Guidelines and
the American College of Obstetricians and Gynecol-
ogists Practice Bulletin suggest stratification of risk
based on factors listed in Table 1. Not only do
patients have different risk factors, but also not all

Box 1. Venous Thromboembolism Risk Factors

Surgery
Trauma (major or lower extremity)
Immobility, paresis
Malignancy
Cancer therapy (hormonal, chemotherapy, or
radiotherapy)
Venous compression (tumor, hematoma, arterial
abnormality)
Previous venous thromboembolism
Increasing age
Pregnancy and the postpartum period
Estrogen-containing oral contraception or hormone
replacement therapy
Selective estrogen receptor modulators
Erythropoiesis-stimulating agents
Acute medical illness
Inflammatory bowel disease
Myeloproliferative disorders
Paroxysmal nocturnal hemoglobinuria
Nephrotic syndrome
Obesity
Central venous catheterization
Inherited or acquired thrombophilia

Reproduced with permission from the American College of
Chest Physicians. Geerts WH, Bergqvist D, Pineo GR, Heit JA,
Samama CM, Lassen MR, et al. Prevention of venous
thromboembolism. American College of Chest Physicians
evidence-based clinical practice guidelines (8th Edition). Chest
2008;133(suppl):381–453S.
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prophylactic regimens are appropriate or effective in
certain risk groups. The proper risk classification is
therefore important to prescribe the best prophylaxis
regimen. Additionally, there are certain risk factors
that are associated with an especially high risk of
developing venous thromboembolism. A retrospec-
tive review of more than 1,800 patients identified age
older than 60 years, presence of cancer, and history of
DVT as being closely associated with postoperative
venous thromboembolism, despite the use of intermit-
tent pneumatic compression prophylaxis.36 Women
with two or three of these risk factors had a 3.2%
incidence of clinically significant venous thromboem-
bolism compared with an incidence of 0.6% in
women who had none or one risk factor. Consider-
ation for more intense prophylaxis is warranted in this
highest-risk population.

PREVENTION OF POSTOPERATIVE VENOUS
THROMBOEMBOLISM
Rates of venous thromboembolism after gynecologic
surgery are similar to those reported in the general
surgery literature and average approximately 16%
when diagnosed by I125 fibrinogen scanning in an
untreated population.37 Graded compression stock-
ings, intermittent pneumatic compression devices,

low-dose unfractionated heparin, and low molecular
weight (LMW) heparins have each been shown to
effectively reduce venous thromboembolism develop-
ment. Three randomized controlled trials have shown
that the use of low-dose unfractionated heparin re-
duces venous thromboembolism in patients undergo-
ing surgery for benign gynecologic indications38–40

and in patients with gynecologic cancer.41 It should be
noted, however, that although low-dose unfraction-
ated heparin administered every 12 hours was effec-
tive for patients with benign gynecologic conditions,
this regimen was not effective for patients with
gynecologic cancer.42 Intermittent pneumatic com-
pression has also been shown to reduce the incidence
of venous thromboembolism in a gynecologic oncol-
ogy patient population.43 Low molecular weight hep-
arin has not been evaluated in a controlled trial of
gynecologic surgery patients. However, trials compar-
ing LMW heparin with low-dose unfractionated hep-
arin have demonstrated equivalent efficacy and sim-
ilar bleeding complications. A combined regimen of
medical and mechanical prophylaxis may improve
efficacy, especially in the highest-risk patients. Al-
though limited data exist to support this approach in
gynecology patients, studies from the general surgical
and neurosurgical literature suggest significant benefit

Table 1. Risk Classification and Recommended Thromboprophylaxis

Level of
Risk Definition Suggested Thromboprophylaxis Options

Low Minor surgery (less than 30 min) or noncomplex
laparoscopic surgery in patients with no additional
risk factors*

Early, frequent ambulation

Moderate Minor or laparoscopic surgery in patients with
additional risk factors; major gynecologic surgery
for benign disease and no additional risk factors

LMW heparin or low-dose unfractionated heparin,
5,000 units twice a day, or intermittent pneumatic
compression or graduated compression stockings

High Major surgery in patients with additional risk factors;
major surgery in patients with malignancy

LMW heparin or low-dose unfractionated heparin,
5,000 units three times a day, or intermittent
pneumatic compression

Alternative considerations include a combination of
low-dose unfractionated heparin or LMW heparin
plus mechanical prophylaxis with graduated
compression stockings or intermittent pneumatic
compression

Highest Major surgery in patients older than 60 y with
cancer, a prior venous thromboembolism, or both

LMW heparin or low-dose unfractionated heparin,
5,000 units three times a day, plus intermittent
pneumatic compression or graduated compression
stockings

Consider continuing LMW heparin prophylaxis for up
to 4 wk after discharge

LMW, low molecular weight.
* Risk factors are listed in Box 1.
Data from Geerts WH, Bergqvist D, Pineo GR, Heit JA, Samama CM, Lassen MR, et al. Prevention of venous thromboembolism.

American College of Chest Physicians evidence-based clinical practice guidelines (8th Edition). Chest 2008;133(suppl):381S–453S;
and Prevention of deep vein thrombosis and pulmonary embolism. ACOG Practice Bulletin No. 84. American College of
Obstetricians and Gynecologists. Obstet Gynecol 2007;110:429–40.
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from a combined regimen. Until more evidence is
accumulated, patients undergoing laparoscopic sur-
gery should be stratified by risk category and pro-
vided prophylaxis, similar to patients undergoing
laparotomy.

PROPHYLAXIS OPTIONS
Deep vein thrombosis and pulmonary embolism can
be reduced significantly by a number of prophylactic
methods. There are two types of prophylactic options:
mechanical and pharmacologic methods. Mechanical
methods reduce venous stasis and may promote
endogenous fibrinolysis. Pharmacologic methods pre-
vent clot formation by affecting different points on the
clotting cascade. Cost, benefit, risk, compliance, pa-
tient satisfaction, and feasibility of each method must
be weighed in determining the appropriate prophy-
laxis for an individual patient.

Graduated Compression Stockings
Most postoperative thrombi begin in the capacitance
veins of the calf and develop within 24 hours of
surgery.17 In addition to early postoperative ambula-
tion and elevating the foot of the bed, graduated
compression stockings prevent pooling of blood in
the calves. Based on five randomized controlled trials
(one performed in a gynecologic surgery popula-
tion44), a Cochrane review found a 36% reduction in
DVT formation with graduated compression stock-
ings, although graduated compression stockings were
more effective when combined with a second prophy-
lactic method.45 Low cost and simplicity are the main
advantages of using graduated compression stockings.
Correct fit is essential, because tight or improperly
fitted stockings can cause an increase in venous stasis
by acting as a tourniquet at the knee or midthigh.46

Knee-length graduated compression stockings are as
effective as thigh length and should be preferentially
used.47

Intermittent Pneumatic Compression
Intermittent pneumatic compression devices regu-
larly compress the calf or calf and thigh with an
inflatable pneumatic sleeve, thereby reducing venous
stasis. Two randomized controlled trials have been
performed in patients undergoing gynecologic sur-
gery. The majority of the patients studied had surgery
for gynecologic malignancy. In one trial, intermittent
pneumatic compression was placed on the legs at the
beginning of surgery and discontinued the next day
once the patient was ambulatory. The incidence of
125 fibrinogen scan-detected thrombi was the same in
both the control and treatment groups.43 A subse-

quent study showed that if the intermittent pneumatic
compression device was left on for 5 days or until
hospital discharge, there was a significant reduction in
the incidence of DVT from 34.6% (control group) as
compared with 12.7% (intermittent pneumatic com-
pression group) (P�.005).48

The benefit of intermittent pneumatic compres-
sion in patients undergoing gynecologic surgery ap-
pears to be similar to the 69% (CI 0.51–0.72) risk
reduction found in 11 randomized controlled studies
of intermittent pneumatic compression in other sur-
gical patients.49

Patient acceptance of intermittent pneumatic com-
pression is excellent (74%) although similar to patient
satisfaction with the administration of LMW hepa-
rin.50 Furthermore, a positive cost–benefit analysis for
the use of intermittent pneumatic compression has
been demonstrated in gynecologic and general sur-
gery populations.51,52

When used during and after major gynecologic
surgery, intermittent pneumatic compression devices
appear to be as effective as low-dose unfractionated
heparin and LMW heparin in reducing DVT inci-
dence.53–55 Most studies have included a small num-
ber of patients and are underpowered to prove effi-
cacy in lowering pulmonary embolism incidence or
mortality. The benefits of intermittent pneumatic com-
pression have been postulated to include an increase
in systemic fibrinolysis.56,57 However, larger series
have failed to confirm this finding.58,59

A wide variety of compression systems exists that
use different techniques and sequences of compres-
sion. When three commonly used devices were com-
pared, there were significant differences in compres-
sion profiles, peak venous-emptying velocity, and
total blood expelled from the leg in 1 hour.60 It is
unclear whether these differences are clinically signif-
icant because all types appear to successfully prevent
stasis in the lower limbs.61 Another important factor in
the reduction of DVT formation using intermittent
pneumatic compression devices is compliance with
properly applying the device and ensuring a working
pump. As part of a randomized clinical trial, compli-
ance was found to be 90%.50 However, in routine
clinical practice, there is likely to be less compliance.
When studied in an intensive care setting, the inter-
mittent pneumatic compression devices were prop-
erly applied and functional 82% of the time. How-
ever, on a regular nursing unit, compliance dropped
to 33%.62 The amount of time per day when intermit-
tent pneumatic compression will result in maximum
benefit in venous thromboembolism reduction is
unknown.
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Low-Dose Unfractionated Heparin
Low-dose unfractionated heparin is the most exten-
sively studied method of thromboprophylaxis. When
administered subcutaneously starting 2 hours before
surgery and continued every 8–12 hours postopera-
tively, numerous controlled trials have found low-dose
unfractionated heparin effective in preventing DVT.1

Two large meta-analyses of randomized clinical trials in
general surgery patients showed a two-thirds reduction
in fatal pulmonary embolism with the use of low-dose
unfractionated heparin every 8 hours over placebo or
no prophylaxis.17,63 Patients undergoing major gyneco-
logic surgery for benign indications had a reduction in
postoperative DVT when low-dose unfractionated hep-
arin was given in a preoperative dose and postopera-
tively at 12-hour intervals.1

None of these trials were powered to detect a
reduction in the incidence of pulmonary embolism.
However, giving low-dose unfractionated heparin ev-
ery 12 hours postoperatively was found to be ineffec-
tive in higher-risk patients with gynecologic cancer.41

In a subsequent trial, the administration of 5,000 units
of heparin beginning 2 hours preoperatively and
every 8 hours postoperatively did provide effective
DVT prophylaxis in women at high risk with gyne-
cologic malignancies.42

Advantages of low-dose unfractionated heparin in-
clude well-studied efficacy and low cost. A major con-
cern with perioperative low-dose unfractionated heparin
use is the potential for increased intraoperative and
postoperative bleeding complications. Although surgical
blood loss does not seem to be affected by preoperative
low-dose unfractionated heparin administration, an in-
crease in postoperative bleeding has been noted, specif-
ically with injection site and wound hematoma forma-
tion. Approximately 6% of patients receiving low-dose
unfractionated heparin will experience heparin-induced
thrombocytopenia.64 It is recommended that platelet
counts be monitored every other day between postop-
erative days 4 and 14 or until low-dose unfractionated
heparin is discontinued. Patients who have received
heparin (even heparin flushes of intravenous lines)
within 100 days are at significantly higher risk for
heparin-induced thrombocytopenia and therefore
should have a preoperative baseline platelet count
and a repeat platelet count 24 hours after starting
low-dose unfractionated heparin.65

Low Molecular Weight Heparins
Since initial reports in 1985, multiple well-designed
trials have shown LMW heparin to be a reliable method
of thromboprophylaxis in many surgical populations,

including gynecologic surgery for benign gynecologic
conditions66,67 and surgery for gynecologic cancer.68–72

Advantages of LMW heparins include greater
bioavailability and once-daily dosing. These benefits
result from a longer half-life and more predictable
pharmacokinetics. Low molecular weight heparin has
more antifactor Xa and less antithrombin activity
than low-dose unfractionated heparin, which may
decrease medical bleeding and wound hematoma
formation. However, LMW heparin is more expen-
sive than low-dose unfractionated heparin. Heparin-
induced thrombocytopenia is very rarely observed
with LMW heparins, and screening for this is not
necessary.65

A Cochrane review of randomized, controlled
trials in gynecologic patients undergoing major sur-
gery and a systematic analysis of gynecologic oncol-
ogy patients found LMW heparin and low-dose un-
fractionated heparin equally useful in preventing
DVT.73,74 Equivalent risk reductions were seen with
the use of preoperative and daily postoperative LMW
heparin when compared with low-dose unfraction-
ated heparin 66–72 or intermittent pneumatic compres-
sion devices.53 Furthermore, there does not appear to
be any difference between LMW heparin and low-
dose unfractionated heparin with regard to bleeding
complications in these studies. Other considerations
regarding the selection of low-dose unfractionated
heparin or LMW heparin might include the increased
patient discomfort of injections more than once a day
and the additional demands on nursing staff.

Renal function should be considered when select-
ing and dosing an anticoagulant, because many of
these agents, including LMW heparin, are renally
excreted. Reduced renal clearance is typically defined
as glomerular filtration rate less than 30 mL/min. If
renal clearance is impaired, drug accumulation may
occur, resulting in an increased risk of bleeding. The
extent of drug accumulation varies by type of LMW
heparin with enoxaparin accumulating rapidly in
patients with renal insufficiency. Conversely, dalte-
parin and tinzaparin showed no evidence of elevated
levels when given at prophylactic doses.75,76 Other
anticoagulants that do not require dose adjustment for
renal insufficiency include vitamin K antagonists,
unfractionated heparin, and argatroban, a small mol-
ecule direct thrombin inhibitor. Lepirudin is another
direct thrombin inhibitor, but it is renally excreted, so
it should not be used in renal failure.77

Although it is more frequent to see increased
levels of antifactor Xa activity when enoxaparin is
used at therapeutic doses, it seems reasonable to start
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prophylaxis with a reduced dose (30 units daily) and
monitor antifactor Xa activity.

TIMING AND DURATION OF VENOUS
THROMBOEMBOLISM PROPHYLAXIS
Because the majority of DVTs form in the operating
room and within 24 hours of surgery, it has been the
practice in most clinical trials to initiate thrombopro-
phylaxis preoperatively. However, concerns over in-
traoperative and postoperative bleeding have led
many surgeons to delay administration of pharmaco-
logic thromboprophylaxis until postoperatively. The
debate centers around the increased risk of intraop-
erative bleeding if low-dose unfractionated heparin or
LMW heparins are administered preoperatively as
compared with the efficacy in reducing venous throm-
boembolism. There is but one randomized trial in
patients undergoing elective hip surgery. In that trial,
dalteparin was administered at a reduced dose of 2,500
international units 2 hours preoperatively or beginning 6
hours postoperatively. The usual dose of 5,000 interna-
tional units was started the day after surgery in both
groups. The incidence of venous thromboembolism was
similar in both groups, whereas bleeding complications
were more frequent in the patients who received dalte-
parin 2 hours preoperatively.78 Subsequently, a system-
atic review showed that administering LMW heparin
more than 12 hours preoperatively or 12 hours postop-
eratively resulted in less efficacious venous thromboem-
bolism prevention. However, administration less than 2
hours before surgery was associated with an increase in
major bleeding. Based on limited data, the authors have
recommended that the optimal timing in which to
prevent venous thromboembolism would be to admin-
ister LMW heparin up to 2 hours preoperatively or
beginning 6 hours postoperatively.79 It is recognized that
elective hip surgery has a very high risk of venous
thromboembolism as well as bleeding complications.
Therefore, it may be unreasonable to extrapolate the
results of patients having hip surgery to women under-
going gynecologic surgery. There are no randomized
trials in gynecologic surgery that address the issue of
timing of initiating low-dose unfractionated heparin or
LMW heparin. One large retrospective study of 9,949
women undergoing hysterectomy for benign conditions
concluded that postoperative rather than preoperative
administration of low-dose unfractionated heparin or
LMW heparin may reduce the risk of bleeding compli-
cations after hysterectomy without apparent risk of
increased venous thromboembolism. A number of im-
portant variables were not controlled for or reported,
including the type of drug, drug dose, and time the
prophylaxis was administered. Furthermore, the inci-

dence of venous thromboembolism in both groups of
patients was extremely low (0.03% DVT; 0.08% pulmo-
nary embolism) not allowing for multivariable analy-
sis.80 Until randomized trials comparing differences in
outcomes when low-dose unfractionated heparin or
LMW heparin are administered preoperatively and at
fixed times postoperatively, it seems reasonable to fol-
low the guidelines suggesting that the optimal timing to
initiate thromboprophylaxis is no less than 2 hours
preoperatively or beginning 6 hours postoperatively.

Duration of thromboprophylaxis should also be
considered because many venous thromboemboli
occur after hospital discharge (when prophylaxis usu-
ally is terminated). The incidence of “delayed” venous
thromboembolism appears to vary depending on risk
factors. Forty percent of patients with cancer who
develop a venous thromboembolism will do so more
than 21 days after surgery.81 In a study of patients
undergoing gynecologic cancer surgery, 76% of ve-
nous thromboemboli were diagnosed after postoper-
ative day 7.82 Major risk factors for the development
of a clinical venous thromboemboli include age older
than 60 years, cancer, prior venous thromboembo-
lism, and prolonged surgery or bed rest.36,81 Five
placebo-controlled trials have investigated the value
of prolonged LMW heparin prophylaxis (28 days) in
preventing venous thromboembolism in high-risk pa-
tients. In general, the patients underwent open ab-
dominal surgery for malignancy. Included in these
trials were women with gynecologic cancers, although
it is not possible to analyze their results separately. A
Cochrane Collaboration meta-analysis found an inci-
dence of venous thromboembolism of 14.3% in the
control group (in hospital prophylaxis only) as com-
pared with a 6.1% incidence of venous thromboem-
bolism in the group treated for 28 days (OR 0.41, 95%
CI 0.26–0.63; P�.001). There was no significant
difference in both major and minor bleeding between
the control group (3.7%) and the group treated with
LMW heparin for 28 days (4.1%).83 Although there
are no randomized trials in a gynecologic surgery
population, it seems reasonable to consider extending
LMW heparin prophylaxis for 28 days in the highest
risk patients.

ANESTHESIA CONCERNS
The use of spinal and epidural anesthesia in patients
receiving pharmacologic thromboprophylaxis may
be a cause for concern as the risk of spinal hematoma
with LMW heparin use was underscored by a 1997
public health advisory released by the U.S. Food and
Drug Administration. It described 41 patients who
developed epidural or spinal hematomas with resul-
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tant long-term neurologic injury after using enoxa-
parin and undergoing epidural or spinal anesthesia
(U.S. Department of Health and Human Services.
FDA Public Health Advisory. Subject: Reports of
epidural or spinal hematomas with concurrent use of
low molecular weight heparin and spinal/epidural
anesthesia or spinal puncture. Rockville [MD]: Food
and Drug Administration; December 1997.).

Many of these patients had multiple risk factors,
including additional antithrombotic drug use and
vascular or anatomic spinal abnormalities. Additional
risk factors for the development of a spinal hematoma
include an underlying coagulopathy, traumatic or
repeated catheter insertion, advanced age, female
gender, and catheter removal while receiving prophy-
lactic or therapeutic anticoagulation.1

Although these risk factors are relatively common,
development of a spinal hematoma is a rare event and
limited data exist to guide evidence-based recommen-
dations. However, the American College of Chest Phy-
sicians suggests that spinal and epidural anesthesia be
avoided in patients with a bleeding disorder or recent
use of antithrombotic drugs, including low-dose unfrac-
tionated heparin, LMW heparin, platelet inhibitors such
as clopidogrel and ticlopidine, and vitamin K an-
tagonists such as warfarin. Use of nonsteroidal
drugs and aspirin has not been linked to spinal
hematoma formation. Before neuraxial anesthesia,
platelet inhibitors should be discontinued for 5–14
days, low-dose unfractionated heparin for 8 –12
hours, and daily LMW heparin for at least 18 hours.
Additionally, anticoagulant prophylaxis should be
delayed for a hemorrhagic aspirate and for 2 hours
after removal of an epidural or spinal catheter.
Epidural and spinal catheters should be removed
during the nadir of the anticoagulant effect, just
before the next scheduled dose of low-dose unfrac-
tionated heparin or LMW heparin.1

DUAL PROPHYLAXIS
The combined use of two prophylactic methods would
potentially further reduce the incidence of venous
thromboembolism by attacking two arms of Virchow’s
triad simultaneously. This approach has been examined
in the general surgical and orthopedic literature. A
Cochrane review of colorectal surgery showed that
low-dose unfractionated heparin combined with grad-
uated compression stockings was four times more
effective at venous thromboembolism prevention
than low-dose unfractionated heparin alone.84 In an-
other Cochrane review, various combinations of

prophylactic methods were compared with a single
prophylaxis. In all comparisons, the combination
resulted in significantly reduced venous thromboem-
bolism85 (Table 2).

There are no randomized trials of dual prophy-
laxis in gynecologic surgery. However, in a retrospec-
tive, historically controlled study, Einstein reported
that the incidence of venous thromboembolism in a
gynecologic oncology population was 1.9% when a
combination of intermittent pneumatic compression
and low-dose unfractionated heparin (every 8 hours)
or LMW heparin were given in combination. In the
prior year, patients received only intermittent pneu-
matic compression and had a venous thromboembo-
lism incidence of 6.5%. The addition of low-dose
unfractionated heparin or LMW heparin did not
result in increased bleeding complications.86

In a retrospective evaluation of 1,892 patients
who were treated with intermittent pneumatic com-
pression alone, the presence of two of three identified
risk factors (age older than 60 years, cancer, prior
venous thromboembolism) places patients in the
highest risk category for the development of venous
thromboembolism.36 As a result, the use of a com-
bined approach possesses inherent appeal, because it
may reduce both hypercoagulability and venous stasis
in highest-risk surgical patients. A decision analysis in
high-risk gynecologic oncology patients determined
that combined intermittent pneumatic compression
and LMW heparin use is cost-effective.87

Table 2. Comparison of Single and Dual
Prophylaxis Outcomes

Treatment
Pulmonary

Emboli
Deep Vein
Thrombosis

Compression 2.66 4
Compression plus

anticoagulation
1.06 1.5

OR (CI) 0.39 (0.25–0.63) 0.43 (0.24–0.76)
Anticoagulant 0 4.21
Anticoagulant plus

compression
0 0.65

OR (CI) 0.16 (0.07–0.34)

OR, odds ratio; CI, confidence interval.
Data are percent unless otherwise noted.
Compression: intermittent pneumatic compression�graded

compression stockings; anticoagulation: low-dose unfractionated
heparin every 12 hours or low-molecular-weight heparin.

Data from Kakkos SK, Caprini JA, Geroulakos G, Nicolaides AN,
Stansby GP, Reddy DJ. Combined intermittent pneumatic leg
compression and pharmacological prophylaxis for prevention
of venous thromboembolism in high-risk patients. Cochrane
Database of Systematic Review 2008; Issue 4. Art. No.:
CD005258. DOI: 10.1002/1451858.CD005258.Pub 2.
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SELECTION OF VENOUS
THROMBOEMBOLISM PROPHYLAXIS
Table 2 outlines the general description of levels of
risk for individual patients as well as recommended
prophylactic measures. These recommendations are
based on limited randomized trials in gynecologic sur-
gery and extrapolated from a much larger literature in
general and orthopedic surgery.1,88 It is acknowledged
that until there are more randomized clinical trials
investigating the value of dual prophylaxis and pro-
longed prophylaxis, the clinician should use his or her
best judgment as to the potential benefits, risks, and costs
of various prophylactic regimens.

CONCLUSION
Deep vein thrombosis and subsequent pulmonary
embolism are a significant source of morbidity and
mortality in gynecologic surgery. Most patients expe-
riencing fatal thromboembolism are diagnosed at
autopsy. Prophylaxis against DVT therefore should
be used in an effort to decrease the incidence of
pulmonary embolism. Each patient should be as-
sessed for thromboembolic risk. Women at low risk
benefit from early ambulation. Moderate- and high-
risk patients should be treated with low-dose unfrac-
tionated heparin, LMW heparin, graduated compres-
sion stockings, or intermittent pneumatic compression.
Despite evidence that low-dose unfractionated heparin
and LMW heparin are associated with increased risk of
bleeding, the risk–benefit ratio supports their use in all
patients who do not have a contraindication to pharma-
cologic prophylaxis. All regimens have been found to be
cost-effective. The risk of complex laparoscopic surgery
approaches the same procedure performed “open” and
patients should be prescribed appropriate prophylaxis.
In high-risk patients, low-dose unfractionated heparin
should be administered at 5,000 units every 8 hours and
all prophylaxis should continue throughout the hospital
stay. Highest-risk patients (ie, older than 60 years, his-
tory of DVT or pulmonary embolism, presence of
cancer) may benefit from dual prophylaxis and pro-
longed (28 days) prophylaxis.

REFERENCES
1. Geerts WH, Bergqvist D, Pineo GR, Heit JA, Samama CM,

Lassen MR, et al. Prevention of venous thromboembolism:
American College of Chest Physicians evidence-based clinical
practice guidelines (8th Edition). Chest 2008;133:381–453S.

2. Shojania KG, Duncan BW, McDonald KM, Wachter RM,
Markowitz AJ. Making health care safer: a critical analysis of
patient safety practices. Evid Rep Technol Assess (Summ)
2001;43:i–x, 1–668.

3. Hirsh J, Hoak J. Management of deep vein thrombosis and
pulmonary embolism. A statement for healthcare profession-

als. Council on Thrombosis (in consultation with the Council
on Cardiovascular Radiology), American Heart Association.
Circulation 1996;93:2212–45.

4. Oger E. Incidence of venous thromboembolism: a community-
based study in Western France. EPI-GETBP Study Group.
Groupe d’Etude de la Thrombose de Bretagne Occidentale.
Thromb Haemost 2000;83:657–60.

5. Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond
WD, Enright P, et al. Deep vein thrombosis and pulmonary
embolism in two cohorts: the longitudinal investigation of
thromboembolism etiology. Am J Med 2004;117:19–25.

6. Anderson FA Jr, Wheeler HB, Goldberg RJ, Hosmer DW,
Patwardhan NA, Jovanovic B, et al. A population-based per-
spective of the hospital incidence and case-fatality rates of deep
vein thrombosis and pulmonary embolism. The Worcester
DVT Study. Arch Intern Med 1991;151:933–8.

7. Walsh JJ, Bonnar J, Wright FW. A study of pulmonary
embolism and deep leg vein thrombosis after major gynaeco-
logical surgery using labelled fibrinogen-phlebography and
lung scanning. J Obstet Gynaecol Br Commonw 1974;81:
311–6.

8. Crandon AJ, Koutts J. Incidence of post-operative thrombosis
in gynaecological oncology. Aust N Z J Obstet Gynaecol
1983;23:216–9.

9. Martino MA, Borges E, Williamson E, Siegfried S, Cantor AB,
Lancaster J, et al. Pulmonary embolism after major abdominal
surgery in gynecologic oncology. Obstet Gynecol 2006;107:
666–71.

10. Clarke-Pearson DL, Synan IS, Creasman WT. Significant
venous thromboembolism caused by pelvic lymphocysts: diag-
nosis and management. Gynecol Oncol 1982;13136–43.

11. Virchow R. Die Cellularpathologie in ihrer Begrindung auf
physiologische and pathologische Gewebslehre. Berlin (Ger-
many): A. Hirschwad; 1858.

12. Clark C, Cotton LT. Blood-flow in deep veins of leg. Record-
ing technique and evaluation of methods to increase flow
during operation. Br J Surg 1968;55:211–4.

13. Egan EL, Bowie EJW, Kazmier FJ, Gilchrist GS, Woods JW,
Owens CA Jr. Effect of surgical operations on certain tests used
to diagnose intravascular coagulation and fibrinolysis. Mayo
Clin Proc 1974;49:658–64.

14. Piccioli A, Prandoni P, Ewenstein BM, Goldhaber SZ. Cancer
and venous thromboembolism. Am Heart J 1996;132:850–5.

15. Goad KE, Gralnick HR. Coagulation disorders in cancer.
Hematol Oncol Clin North Am 1996;10:457–84.

16. van der Meer FJ, Koster T, Vandenbroucke JP, Briet E,
Rosendaal FR. The Leiden Thrombophilia Study (LETS).
Thromb Haemost 1997;78:631–5.

17. Clarke-Pearson DL, DeLong ER, Synan IS, Coleman RE,
Creasman WT. Variables associated with postoperative deep
venous thrombosis: a prospective study of 411 gynecology
patients and creation of a prognostic model. Obstet Gynecol
1987;69:146–50.

18. Chapron C, Querleu D, Bruhat M, Madelenat P, Fernandez H,
Oierre F, et al. Surgical complications of diagnostic and
operative gynaecological laparoscopy: a series of 29,966 cases.
Hum Reprod 1998;13:867–72.

19. Hulka J, Peterson HB, Phillips JM, Surrey MW. Operative
laparoscopy: American Association of Gynecologic Laparos-
copists’ 1993 Membership Survey. J Am Assoc Gynecol Lapa-
rosc 1995;2:133–6.

20. Ageno W, Manfredi E, Dentali F, Silingardi M, Ghezzi F,
Camporese G, et al. The incidence of venous thromboembo-

164 Clarke-Pearson and Abaid Preventing VTE After Gynecologic Surgery OBSTETRICS & GYNECOLOGY



lism following gynecologic laparoscopy: a multicenter, pro-
spective cohort study. J Thromb Haemost 2006;5:503–6.

21. Johnston K, Rosen D, Cario G, Chou D, Carlton M, Cooper
M, et al. Major complications arising from 1265 operative
laparoscopic cases: a prospective review from a single center.
J Minim Invasive Gynecol 2007;14:339–44.

22. Harkki-Siren P, Sjoberg J, Kurki T. Major complications of
laparoscopy: a follow-up Finnish study. Obstet Gynecol 1999;
94:94–8.

23. Nick AM, Schmeler KM, Frumovitz MM, Soliman PT, Span-
nuth WA, Burzawa JK, et al. Risk of thromboembolic disease
in patients undergoing laparoscopic gynecologic surgery.
Obstet Gynecol 2010;116:956–61.

24. Ritch JMB, Kim JH, Lewin SN, Burke WM, Sun X, Herzog TJ,
et al. Venous thromboembolism and use of prophylaxis among
women undergoing laparoscopic hysterectomy. Obstet Gyne-
col 2011;117:1367–74.

25. Walker JL, Piedmonte MR, Spirtos NM, Eisenkop SM, Sch-
laerth JB, Mannel RS, et al. Laparoscopy compared with
laparotomy for comprehensive surgical staging of uterine
cancer: Gynecologic Oncology Group Study LAP2. J Clin
Oncol 2009;27:5331–6.

26. Cushman M, Kuller LH, Prentice R, Rodabough RJ, Psaty
BM, Stafford RS, et al. Estrogen plus progestin and risk of
venous thrombosis. JAMA 2004;292:1573–80.

27. Duggan C, Marriott K, Edwards R, Cuzick J. Inherited and
acquired risk factors for venous thromboembolic disease
among women taking tamoxifen to prevent breast cancer.
J Clin Oncol 2003;21:3588–93.

28. Curb JD, Prentice RL, Bray PF, Langer RD, Van Horn L,
Barnabei VM, et al. Venous thrombosis and conjugated equine
estrogen in women without a uterus. Arch Intern Med 2006;
166:772–80.

29. Vessey M, Mant D, Smith A, Yeates D. Oral contraceptives
and venous thromboembolism: findings in a large prospective
study. Br Med J (Clin Res Ed) 1986;292:526.

30. Robinson GE, Burren T, Mackie IJ, Bounds W, Walshe K,
Faint R, et al. Changes in haemostasis after stopping the
combined contraceptive pill: implications for major surgery.
BMJ 1991;302:269–71.

31. Wu O, Robertson L, Langhorne P, Twaddle S, Lowe GD,
Clark P, et al. Oral contraceptives, hormone replacement
therapy, thrombophilias and risk of venous thromboembolism:
a systematic review. The Thrombosis: Risk and Economic
Assessment of Thrombophilia Screening (TREATS) Study.
Thromb Haemost 2005;94:17–25.

32. Dahlback B, Carlsson M, Svensson PJ. Familial thrombophilia
due to a previously unrecognized mechanism characterized by
poor anticoagulant response to activated protein C: prediction
of a cofactor to activated protein C. Proc Natl Acad Sci U S A
1993;90:1004–8.

33. Rees DC, Cox M, Clegg JB. World distribution of factor V
Leiden. Lancet 1995;346:1133–4.

34. Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH.
High risk of thrombosis in patients homozygous for factor V
Leiden (activated protein C resistance). Blood 1995;85:
1504–8.

35. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common
genetic variation in the 3�-untranslated region of the prothrom-
bin gene is associated with elevated plasma prothrombin levels
and an increase in venous thrombosis. Blood 1996;88:
3698–703.

36. Clarke-Pearson DL, Dodge RK, Synan I, McClelland RC,
Maxwell GL. Venous thromboembolism prophylaxis: patients

at high risk to fail intermittent pneumatic compression. Obstet
Gynecol 2003;101:157–63.

37. Geerts WH, Heit JA, Clagett GP, Pineo GF, Colwell CW,
Anderson FA Jr, et al. Prevention of venous thromboembo-
lism. Chest 2001;119(suppl):132S–75S.

38. Ballard RM, Bradley-Watson PJ, Johnstone FD, Kenney A,
McCarthy TG. Low doses of subcutaneous heparin in the
prevention of deep vein thrombosis after gynaecological sur-
gery. J Obstet Gynaecol Br Commonw 1973;80:469–72.

39. Adolf J, Buttermann G, Weidenbach A, Gmeineder F. Opti-
mation of postoperative prophylaxis of thrombosis in gynae-
cology (author’s transl) [in German]. Geburtshilfe Frauenhei-
lkd 1978;38:98–104.

40. Taberner DA, Poller L, Burslem RW, Jones JB. Oral antico-
agulants controlled by the British comparative thromboplastin
versus low-dose heparin in prophylaxis of deep vein thrombo-
sis. Br Med J 1978;1:272–4.

41. Clarke-Pearson DL, Coleman RE, Synan IS, Hinshaw W,
Creasman WT. Venous thromboembolism prophylaxis in
gynecologic oncology: a prospective, controlled trial of low-
dose heparin. Am J Obstet Gynecol 1983;145:606–13.

42. Clark-Pearson DL, DeLong E, Synan IS, Soper JT, Creasman
WT, Coleman RE. A controlled trial of two low-dose heparin
regimens for the prevention of postoperative deep vein throm-
bosis. Obstet Gynecol 1990;75:684–9.

43. Clarke-Pearson DL, Synan IS, Hinshaw WM, Coleman RE,
Creasman WT. Prevention of postoperative venous thrombo-
embolism by external pneumatic calf compression in patients
with gynecologic malignancy. Obstet Gynecol 1984;63:92–8.

44. Turner GM, Cole SE, Brooks JH. The efficacy of graduated
compression stockings in the prevention of deep vein throm-
bosis after major gynaecological surgery. Br J Obstet Gynaecol
1984;91:588–91.

45. Amaragiri SV, Lees TA. Elastic compression stockings for
prevention of deep vein thrombosis. The Cochrane Database
of Systematic Reviews 2000, Issue 3. Art. No.: CD001484.
DOI: 10.1002/14651858.CD001484.

46. Clarke-Pearson DL, Jelovsek FR, Creasman WT. Thrombo-
embolism complicating surgery for cervical and uterine malig-
nancy: incidence, risk factors, and prophylaxis. Obstet Gyne-
col 1983;61:87–94.

47. Sajid MS, Tai NRM, Goli G, Morris RW, Baker DM, Hamilton
G. Knee versus thigh length graduated compression stockings
for prevention of deep venous thrombosis: a systematic review.
Eur J Vasc Endovasc Surg 2006;32:730–6.

48. Clarke-Pearson DL, Creasman WT, Coleman RE, Synan IS,
Hinshaw WM. Perioperative external pneumatic calf compres-
sion as thromboembolism prophylaxis in gynecology: report of
a randomized controlled trial. Gynecol Oncol 1984;18:
226–32.

49. Cardiovascular Disease Educational and Research Trust; Cyprus
Cardiovascular Disease Educational and Research Trust; Euro-
pean Venous Forum; International Surgical Thrombosis Forum;
International Union of Angiology; Union Internationale de
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75. Mahé, I, Aghassarian M, Drouet L, Bal Dit-Sollier C, Lacut K,
Heilmann JJ, et al. Tinzaparin and enoxaparin given at pro-
phylactic dose for eight days in medical elderly patients with
impaired renal function: a comparative pharmacokinetic
study. Thromb Haemost 2007;97:581–6.

76. Douketis J, Cook D, Zytaruk N, et al. Dalteparin thrombopro-
phylaxis in critically ill patients with severe renal insufficiency: the
DIRECT study. J Thromb Haemost 2007;5(Suppl 2):PS-680.

77. Grand’Maison A, Charest AF, Geerts WH. Anticoagulant use
in patients with chronic renal impairment. Am J Cardiovasc
Drugs 2005;5:291–305.

78. Hull R, Pineo G, Francis C. Low-molecular-weight heparin
prophylaxis using dalteparin in close proximity to surgery vs
warfarin in hip arthroplasty patients: a double-blind, random-
ized comparison. The North American Fragmin Trial Investi-
gators. Arch Intern Med 2000;160:2199–207.

79. Hull RD, Pineo GF, Stein PD, Mah AF, MacIsaac SM, et al.
Timing of initial administration of low-molecular-weight hep-
arin prophylaxis against deep vein thrombosis in patients
following elective hip arthroplasty: a systematic review. Arch
Intern Med 2001;161:1952–60.

80. Hansen CT, Kehlet H, Moller C, Morch L, Utzon J, Ottesen B.
Timing of heparin prophylaxis and bleeding complications in
hysterectomy a nationwide prospective cohort study of 9,949
Danish women. Acta Obstet Gynecol Scand 2008;87:1039–47.

81. Agnelli G, Bolis G, Capussotti L, Scarpa RM, Tonelli F, Boniz-
zoni E, et al. A clinical outcome-based prospective study on
venous thromboembolism after cancer surgery: the @RISTOS
project. Ann Surg 2006;243:89–95.

82. Peedicayil A, Weaver A, Li X, Carey E, Cliby W, Mariani A.
Incidence and timing of venous thromboembolism after sur-
gery for gynecological cancer. Gynecol Oncol 2011;121:64–9.

83. Rasmussen MS, Jorgensen LN, Willie-Jorgensen P. Prolonged
thromboprophylaxis with low molecular weight heparin for
abdominal or pelvis surgery. The Cochrane Database of
Systematic Reviews 2009, Issue 1. Art. No.: CD004318. DOI:
10.1002/14651858.CD004318.Pub 2.

166 Clarke-Pearson and Abaid Preventing VTE After Gynecologic Surgery OBSTETRICS & GYNECOLOGY



84. Wille-Jorgensen P, Rasmussen MS, Andersen BR, Borly L.
Heparins and mechanical methods for thromboprophylaxis in
colorectal surgery. The Cochrane Database of Systematic
Reviews 2003, Issue 4. Art. No.: CD001217. DOI: 10.1002/
14651858.CD001217.

85. Kakkos SK, Caprini JA, Geroulakos G, Nicolaides AN,
Stansby GP, Reddy DJ. Combined intermittent pneumatic leg
compression and pharmacological prophylaxis for prevention
of venous thromboembolism in high-risk patients. The
Cochrane Database of Systematic Review 2008, Issue 4. Art.
No.: CD005258. DOI: 10.1002/1451858.CD005258.Pub 2.

86. Einstein MH, Kushner DM, Connor JP, Bohl AA, Best TJ,
Evans MD, et al. A protocol of dual prophylaxis for venous
thromboembolism prevention in gynecologic cancer patients.
Obstet Gynecol 2008;112:1091–7.

87. Dainty L, Maxwell GL, Clarke-Pearson DL, Myers ER.
Cost-effectiveness of combination thromboembolism pro-
phylaxis in gynecologic oncology surgery. Gynecol Oncol
2004;93:366 –73.

88. Prevention of deep vein thrombosis and pulmonary embolism.
ACOG Practice Bulletin 84. American College of Obstetri-
cians and Gynecologists. Obstet Gynecol 2007;110:429–40.

VOL. 119, NO. 1, JANUARY 2012 Clarke-Pearson and Abaid Preventing VTE After Gynecologic Surgery 167


