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Venous Thrombosis Prophylaxis
Joseph A. Caprini

Feinberg School of Medicine, Northwestern University, Chicago, Illinois, U.S.A.
Evanston Northwestern Healthcare, Evanston, Illinois, U.S.A.
Glenbrook Hospital, Glenview, Illinois, U.S.A.
Dereck Wentworth

U.S. Medical Affairs, New York, U.S.A.
INCIDENCE AND MAGNITUDE OF THE PROBLEM
Venous thromboembolism (VTE) is a leading cause of mortality in the United States

and causes more deaths than AIDS, breast cancer, and motor vehicle crashes combined.

Pulmonary embolism (PE) is responsible for up to 200,000 fatalities annually in the

United States, while in 2002 AIDS-related deaths were seen in 14,095 individuals (1).

Breast cancer-related fatalities for the year 2002 were estimated to be 41,883 patients

(2), while U.S. highway fatalities that same year were 44,065 individuals (3). The in-

hospital case fatality rate attributed to venous thromboembolic disease is 10–25% in the

United States. Elderly patients suffering pulmonary emboli have a case fatality rate of

15% at 28 days, while cancer patients have a 25% fatality rate at 28 days. By one year

elderly VTE victims suffered a mortality rate of 21% and cancer patients 39% (1,4,5).

Most of these studies underestimate the incidence of VTE because of low autopsy rates

of 10–20%, outpatient cases were not counted, and long-term care facility data were not

considered. The actual mortality from VTE is probably higher, but unfortunately, unlike

breast cancer and AIDS, the National Center for Health Statistics does not track deaths

due to VTE.

Surgical patients have been well-studied and their risk for VTE is known. In

patients undergoing total hip replacement who do not have additional risk factors and do

not receive prophylaxis, the incidence of fatal PE is 0.2% to 0.5%. Patients who

undergo surgery for fractured hips and do not receive prophylaxis may suffer a 2.5% to

7.5% incidence of fatal PE (6). Risk factors associated with acute inpatient mortality

following orthopedic surgery were evaluated in 43,215 patients. Conditions identified

preoperatively related to mortality included chronic renal failure, congestive heart

failure, cancer with bone metastasis, COPD, atrial fibrillation, and age over 70 years.

Procedural factors influencing mortality were found to be surgery for trauma or hip

fracture, with a mortality rate five times higher than other procedures. Mortality rates

from postoperative complications were 27.6% from renal failure, 19.3% from
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pulmonary embolus, 19.3% from myocardial infarction, and 8.6% each for

cerebrovascular accidents and pneumonia (7). One of the important lessons learned

from this study is that mortality from surgical procedures is frequently caused by

pulmonary embolism, certain surgical procedures are higher risk than others, and

preoperative patient factors also affect risk of VTE. This indicates that the choice of

VTE prophylaxis should take into account all of these factors.

Surgical patients are not the only ones at risk for VTE. The incidence of thrombosis

in patients admitted to the hospital on the medical service averages 10% to 20% overall.

Patients admitted with stroke have up to a 56% incidence of DVT and those admitted to the

medical intensive care unit have a rate of DVT between 28% and 33% (8–10). Patients at

risk are those who have COPD, CHF, pneumonia, and inflammatory bowel disease. Large

randomized prospective trials in the medical population have been done and consistently

demonstrate an incidence of DVT between 10% to 20% in patients who receive no

prophylaxis (11,12).

Patients undergoing colorectal surgery have a high incidence of VTE due in part to

the long duration of surgery, pelvic resection, and the presence of cancer and/or

inflammatory bowel disease. In a series of 20,000 patients in this category, 1.8% died of

fatal pulmonary embolism despite receiving low-dose unfractionated heparin prophylaxis.

The risk of PE in untreated patients is approximately 5% (13). The incidence of DVT in 12

general surgical trials was 22% in untreated surgical subjects, while it was seen in 29% of

patients undergoing colorectal procedures (14).

There are a number of important reasons to provide thrombosis prophylaxis to

patients who are at risk for VTE, as seen in Table 1. Prandoni and others have provided

data regarding the long-term clinical course of acute DVT. In approximately 5% of

patients, DVT will recur within three months, in 18% at two years, and by eight years

following the acute event, about 30% of individuals will suffer a second DVT (15–17).

The post-thrombotic syndrome (PTS) is estimated to occur in about 25% of patients

following a first episode of DVT. This syndrome is characterized by the development of

leg swelling, skin pigmentation, rashes, and in approximately 4% of individuals, an open

ulcer. PTS can develop in patients with asymptomatic DVT, while recurrent ipsilateral

DVT and proximal DVT will increase the risk of developing the syndrome. PTS also takes

time to develop, with only 23% of post-thrombotic cases presenting within two years of

the acute DVT (16). After such a long time, symptoms of recurrent VTE and PTS are not

often attributed to a previous operative procedure or hospitalization for illness. One

startling fact about the post-thrombotic syndrome is that 7% of patients are disabled by this
Q2

Table 1 Rationale for VTE Prophylaxis

Prevent fatal pulmonary emboli

1–5% incidence in patients with O4 risk factors

16.7% mortality at 3 mo

Prevent clinical venous thromboembolism

Morbidity—months of anticoagulation, tests, hose, changes in lifestyle

Prevent silent venous thromboembolism

Risk of subsequent event double that of control population (Borrow)

Prevent embolic stroke in those with patent foramen ovale

20–30% PFO rate; 50% disabled; 20% die; 30% recover

Prevent the post-thrombotic syndrome

25% incidence following DVT and 7% severe

May not be evident for 2–5 yr

POULOS—CH 14—11/1/2006—189461—XML MODEL C – pp. 177–200
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Figure 1 An example of severe post-thrombotic syndrome (PTS) post–hip arthroplasty. This

woman demonstrates lymphedema, discoloration, pain, ulceration and obviously is severely

debilitated by her condition.
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condition and if a person develops recurrent DVT, the risk of the post-thrombotic

syndrome is increased by six-fold (18).

The American Venous Forum has published an excellent classification of venous

problems called the CEAP score, which helps classify the severity of changes in individual

patients. Figure 1 shows a woman with severe post-thrombotic changes combined with

lymphedema. This is a very difficult picture as far as treatment is concerned and is

definitely a permanent problem. It has been estimated that in the United States 2 million

workdays are lost annually and 15 million Americans suffer from this problem (19). The

cost of care for these problems in the United Kingdom is estimated at 400 million pounds

annually and $300 million in the United States (8). The syndrome represents one of the

most compelling arguments for effective thrombosis prophylaxis in all medical and

surgical patients at risk, as it is much easier to prevent VTE than it is to treat PTS.

Another problem that is poorly recognized and very difficult to assess is the

incidence of recurrent thromboembolism in patients who have had a subclinical event and

later are at risk because of an operation or medical illness. Borow reported on 500 patients

who underwent surgical procedures lasting an hour or more, were over the age of 40 years,

and were studied postoperatively with fibrinogen scans and confirmed with contrast

venography (20). He found that 66% of patients who had a history of venous thrombosis

developed thrombosis postoperatively. He also reported that 50% of the patients with a

significant medical history, including previous abdominal or leg surgery, trauma to the

lower abdomen, or long bone fracture, developed postoperative venous thrombosis.

Table 2 is a list of various signs, symptoms and clinical findings that may be associated

with a venous thromboembolic event. Obviously, all of these problems do not end with a

fatality but that does not diminish the importance of the presence of these abnormalities as

a clue to signal a possible VTE event.

We frequently encounter successful, busy clinicians who dispute the above data,

usually saying that “in our practice we just don’t see these problems.” We would

emphasize that in this modern era, autopsies are difficult to obtain; without them, the true
LABROPOULOS—CH 14—11/1/2006—189461—XML MODEL C – pp. 177–200



Table 2 Non Specific Signs and Symptoms of VTE

Leg pain Leg swelling

Chest pain Shortness of breath

Transient orthostatic hypotension Narcotic excess

Fainting spell Hypoxia

Patient readmission 90 days postoperatively Postoperative pneumonia

Patient death 90 days postoperatively Sudden death

Suspected MI Death without autopsy

Patent foramen ovale Post-thrombotic syndrome 5 yr

postoperatively

Postoperative stroke Failure to thrive
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incidence of venous thromboembolic problems associated with clinical fatalities is

impossible to calculate. Another modern problem in the United States is delivery of health

care. When patients are discharged from the hospital after surgery or acute medical illness,

they often may not be readmitted to the same hospital to treat a post-discharge VTE event.

If these people develop venous thromboembolic complications, how is the busy clinical

practitioner able to find out about these problems unless the patients’ activities and

whereabouts following discharge are carefully documented? We would remind those

clinicians who are skeptical about the incidence and clinical significance of venous

thromboembolic problems that the data are real and have been derived from hundreds of

references. The thrombosis prophylaxis chapter in the latest Chest Consensus Conference

on Antithrombotic Therapy contains 797 references that are the scientific basis for the

incidence, morbidity and mortality associated with venous thromboembolic disease (6).
RISK ASSESSMENT
T3
Some of us feel that the single most important aspect of thrombosis prophylaxis in medical

and surgical patients is a careful, detailed risk analysis of each individual patient, being

careful not to miss any important risk factors. One might say that this process is the

medical equivalent of the preflight cockpit checklist for a commercial airliner. It would be

unthinkable to fly without checking every possible item on the list to ensure the safety of

the passengers and crew. We are indebted to the Chest Consensus Conference Guidelines

that now have been published for the seventh time and give us clear direction regarding

risk factors and their importance in the prevention of VTE. A number of formal risk

assessment models are available for this purpose (21,22). Many feel that these are

cumbersome and have not been adequately validated (6). Furthermore, clinicians find

them cumbersome to implement in their routine practice. The consensus group suggests a

simplified approach, categorizing patients into four different categories depending on their

age, type of surgery, and presence of additional risk factors (Table 3). This is intended to

provide a uniform approach to a population of patients; however, we encounter daily

situations where a low-risk procedure is performed on a patient at very high risk for VTE.

It is true that in these very-high-risk individuals maximum prophylaxis will be used, so one

could ask why all risk factors must be listed. There is considerable literature to suggest that

patients with large numbers of risk factors may be at enormous risk for developing a

postoperative venous thromboembolic event (6,8,23,24). If the patient is undergoing a

quality-of-life procedure and falls into this category, we feel that part of the preoperative

informed consent process should be to advise the patient of the degree of risk so the patient

can decide on the importance of the procedure given the risks involved as assessed.
POULOS—CH 14—11/1/2006—189461—XML MODEL C – pp. 177–200
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Table 3 Risk of VTE and Therapy Recommendations

DVT (%) PE (%)

Level of patient risk Calf Proximal Symptomatic Fatal

Recommended

therapy

Low

Age under 40 yr 2 0.4 0.2 0.002 Aggressive

mobilization

Minor surgery

No other RF

Moderate

Minor surgery and

additional RF

10–20 2–4 1–2 0.1–0.4 LDUFH q12 h,

LMWH, GCS,

IPC

Minor surgery, 40–60 yr

and no additional RF

Major surgery, !40 yr

with no additional RF

High

Minor surgery in

patients O60 yr or

w/additional RF

20–40 4–8 2–4 0.4–1.0 LMWH, LDUFH

q8 h, IPC

Major surgery in

patients O40 yr or

w/additional RF

Very high

Major surgery in

patients O40 yr plus

prior VTE, cancer, or

hypercoaguable state

40–80 10–20 4–10 0.2–5 LMWH, fondapari-

nux, oral VKA,

adjusted UFH,

IPC/GCSC
LDUFH/LMWH

Hip or knee arthroplasty,

hip fracture surgery

Major trauma, spinal

cord injury

Abbreviations: RF, risk factors; LMWH, low molecular weight heparin; VKA, Vitamin K antagonists; LDUFH,

low dose unfractionated heparin; IPC, intermittent pneumatic compression; GCS, graduated compression

stockings.

Source: Adapted from Ref. 6.
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For example, if a patient with a heterozygous Factor V Leiden defect also has a protein C

or S defect, the incidence of thrombosis may be as high as 70% to 90% (25). That may be

too much of a chance to take for an elective quality-of-life procedure. Even with proper

prophylaxis, VTE may still occur (the event rate is not zero), or they might experience

excessive bleeding requiring withdrawal of prophylaxis, thus exposing the patient to a

high risk of severe or fatal events. Without a complete preoperative risk assessment, how Q

would one know which patients are in this category and need this extra counseling and

decision-making analysis preoperatively?

We have developed a risk assessment form that has been used in our clinic for more

than 15 years and is provided in Table 4. It consists of a point system linking the patient to

the risk factor schema proposed by the Chest Consensus Guidelines (see Table 3). The use
LABROPOULOS—CH 14—11/1/2006—189461—XML MODEL C – pp. 177–200



Table 4 Recommendations for Therapy Based on Full Patient Risk Assessment

Total risk-factor

score

Incidence of

DVT Risk level Prophylactic regimen

0–1 !10% Low No specific measures, early ambulation

2 10–20% Moderate GCS, IPC, LDUFH or LMWH

3–4 20–40% High IPC, LDUFH or LMWH

5 40–80% Highest Pharmacological: LDUFH, LMWH,a

warfarin,a or Factor Xa inhibitora alone or

combined with GCS/IPC

a For use in patients undergoing hip or knee arthroplasty or hip fracture repair.

Source: Adapted from Ref. 126.

Q3
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of this form allows one to go beyond the Guidelines since randomized, prospective data

and appropriate clinical trials are not available for every circumstance the clinician sees in

daily practice. As a result of this problem, one must take the available literature,

incorporate the results of individual clinical trials when available, and assess an individual

patient’s risk for VTE to reach a tentative conclusion regarding the degree of thrombosis

risk. In addition, one must apply a certain amount of logic, emotion, and experience to the

overall clinical scenario in order to develop the best approach for each individual patient.

This method is very conservative and has two dominant characteristics; namely, almost

everyone gets prophylaxis, and the choice for each patient represents the best balance

between efficacy and safety. We were a bit disappointed with the Consensus Guidelines

when the statement was made that in orthopedic situations, the emphasis was on

prevention of bleeding more than the prevention of thrombosis. Some of us would have a

different view. Depending on the overall degree of risk of the patient, the selection of

prophylaxis and intensity may carry more risk for bleeding; however, the intention is to

prevent a fatal pulmonary embolus or disabling stroke. In today’s world we feel that the

patient should be a part of this discussion and decision-making process.

The most common pitfall we see in assessing risk in clinical practice is failure of the

clinician to inquire about a past history of thrombosis or a family history of thrombosis.

Some feel that the family history of thrombosis is not that important; however, we differ

with this view based on results from our thrombosis referral clinic. We conducted a study

where markers of probability were obtained in approximately 175 patients over a three-

year period. Individuals who had a history of DVT were found to have a marker of

thrombophilia 56% of the time. Those with a family history of thrombosis were found to

have at least one abnormality at least 42% of the time. These defects included factor V

Leiden, prothrombin 20210A, protein C and S, antithrombin deficiency, and antipho-

spholipid antibodies. We have seen examples of serious or fatal outcomes in our clinical

practice when this history is not obtained and investigated thoroughly. We are always

careful to assess the obstetrical history of every female in order to determine if a past

stillborn infant, toxemia, recurrent spontaneous abortions, or placental insufficiency has

occurred. These events may be clinical manifestations of the antiphospholipid antibody

syndrome, including a lupus anticoagulant, which are severe risk factors for the

development of postoperative VTE. We also investigate personal and family history of

stroke and assess homocysteine levels. We believe that elevated levels should be treated

with preventive doses of vitamin B6, B12 and folic acid in order to minimize the chance of

endothelial damage from the elevated homocysteine levels that may produce a stroke,

DVT or myocardial infarction. We realize that conflicting data exist in the literature

regarding this principle (26), but until we see data that show there is some harm to this

approach, we prefer to prescribe this therapy (27).

An example of our approach to risk assessment is our use of thrombosis prophylaxis

in laparoscopic surgical patients, since this approach is not solely procedure-dependent but

also based on the individual risk factors involved. Some investigators have reported that

laparoscopic cholecystectomy is a low-risk procedure not requiring thrombosis

prophylaxis (28). One study in 700 patients showed a VTE incidence of 1%. On further

examination, the patients in this study all had fewer than three risk factors (29). We

caution clinicians about translating these studies into routine clinical practice without first

considering whether the individual patient might have a very high risk of developing a

VTE. Patients undergoing laparoscopic surgery are like any other surgical patient in that

the incidence of DVT is directly related to the risk factor score. This fact is well

documented in the Chest Consensus Guidelines, as is seen in Table 3. The presence of

pneumoperitoneum as well as reverse Trendelenburg position introduces additional
LABROPOULOS—CH 14—11/1/2006—189461—XML MODEL C – pp. 177–200
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Table 5 Recommended Duration of VTE Prophylaxis for Various Indications

Indication Duration of prophylaxis

Abdominal surgery 7–10 days [ref. (6)]

Abdominal surgery involving cancer 29 days [ref. (32)]

Hip fracture repair 4 wk [ref. (93)]

Hip arthroplasty 4–6 wk [ref. (30,31,63,87,88)]

Knee arthroplasty 10–14 days [ref. (89)]

Bariatric surgery 3 wk [ref. (125)]

Medical prophylaxis 10–14 days [ref. (11)]
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elements of risk. These include decreased venous return resulting in venous stasis and

venous dilatation that can produce endothelial cracks that serve as the nidus for

development of postoperative venous thrombosis. Take, for example, the patient with

acute cholecystitis, over the age of 60, with obesity, and a past history of successful

treatment for cancer. We would classify this individual in the highest risk group (Table 4)

with a score of eight to nine points. We would provide this patient with stockings and

intermittent pneumatic compression devices during and following surgery, and low

molecular weight heparin (LMWH) postoperatively for 10 to 30 days.

The duration of prophylaxis after surgery or hospitalization is important as well. It

has been demonstrated that DVT prophylaxis should be continued for the duration the

patient is at risk (30–33). These studies demonstrate that different durations of prophylaxis

are appropriate for specific patients as shown in Table 5. When patients demonstrate

several to many risk factors, it seems logical that multiple methods of DVT prevention

may be used to further decrease the patient’s risk (8). Considering all of these factors, our

risk assessment schema accounts for many sources of risk (patient history, duration of

protection needed, known prior VTE events, and clinical events not always recognized as

related to VTE) not just the procedure itself. Only in this fashion may a selection for the

appropriate prophylaxis be made that will fully protect the patient.
Physical Methods of Prophylaxis
Physical methods of prophylaxis may be divided into several categories, including

graduated compression stockings (GCS), intermittent pneumatic compression devices

(IPC), foot pumps, and combinations of foot and leg compression devices. GCS are

stockings that have a higher pressure at the ankle than in the calf or thigh in order to

provide a pressure profile that encourages blood flow out of the leg. The average pressure

at the ankle is approximately 18 mmHg, which gradually decreases to approximately

8 mmHg in the thigh. These devices have been shown to decrease venous diameter

slightly, which helps prevent venous distention, particularly when the limb is in the

dependent position (34). Data to show the effectiveness of GCS appeared many years ago

when it was legitimate to have a placebo group in thrombosis prophylaxis trials (20,35,36).

Compared to doing nothing, these stockings improved results and lowered the incidence of

venous thromboembolism. A summary of these results may be found in the 2000 Cochran

analysis, which analyzed the results of a number of randomized clinical trials showing that

the placebo incidence of DVT was 27% and was reduced to 13% utilizing GCS (37).

Of even greater importance was the fact that when GCS was combined with another

physical or pharmacologic method, the incidence of DVT was reduced from 15% using

stockings alone to 2% in the combined modality group.
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The IPC devices have been compared to placebo in 11 general surgery studies and

demonstrated an impressive 74% reduction in DVT from 26% to 6.8% (8). We were

disappointed that the Seventh Chest Consensus Guidelines contain very little discussion

regarding these modalities and the editors do not clearly delineate between the differences

in trials using stockings versus pneumatic compression devices. If one looks at the

International Consensus statement published in 2001, it summarizes a number of landmark

trials which show the effectiveness of IPC and differentiates them from graduated elastic

compression stockings (8). In general, IPCs are more effective, but GCS remain useful.

One real advantage of stockings is that they provide some protection when the patient is

sitting in a chair. The pneumatic devices are normally disconnected when a patient is

placed in a chair and, if no other form of prophylaxis is being used, the stockings become

an important modality. Some clinicians would comment that moving surgical patients into

a chair in the early postoperative period does not represent early ambulation but rather

early angulation. Stockings also have a role when the patient is being transported for tests

and, due to shortages in personnel, pneumatic devices may not be reconnected in a timely

fashion when the patient returns to bed. Additionally, pneumatic devices may feel

uncomfortable to the patient as perspiration collects next to the skin. The obstructive

qualities of stockings underneath these devices may increase patient comfort and

compliance. We feel that it is important for the reader to understand that IPC’s are clearly

different from GCS and that there are a number of advantages to using the combination of

both modalities for greatest patient comfort and effectiveness.

Many investigators feel that although IPC’s are effective, it is very difficult to obtain

a high degree of patient compliance. This view has been expressed by Comerota

who reported approximately a 35% compliance rate utilizing the devices in a university

setting (38). We have employed IPC’s in our hospitals for over 30 years with great success

and have developed techniques to maximize compliance. Our technique involves both

patient and nursing staff education. By utilizing these methods, we achieved an 85%

compliance rate in a recent study involving total knee replacement patients (121). Q

Teaching the patient that these devices are important to prevent blood clots and should be

on at all times when they are not ambulating is the most important factor in our

successful program.

The question of which device within each group (long or short GCS, or various IPC

methods) is superior to another cannot be answered due to lack of appropriate randomized

head-to-head trials. One recent study examined the added benefit of GCS compared to IPC

when applied to patients receiving prophylaxis with low molecular weight heparin

(LMWH) after arthroplasty. The authors discovered that the IPC group had 0% VTE rate

compared to the 28.6% rate in the GCS group (39). This trial demonstrates further that a

combination of modalities can improve the effectiveness of VTE prophylaxis.

In our opinion, there are three main indications for the use of the physical devices,

the most obvious being in those patients where anticoagulants are contraindicated.

Examples would be patients with active bleeding, patients with bleeding tumors or

hematologic defects, and in operations upon the central nervous system including both

neoplasms and vascular malformations (Table 6). The second very strong indication for

use of these physical methods is in the highest risk patients where the clinician attempts to

reduce the incidence of VTE as much as possible. The study by Ramos involving 2551

patients undergoing cardiac surgery over a 10-years period is a good example of the value

of combining anticoagulants and physical modalities to lower the incidence of PE (40).

This trial represents the single best large example of how pneumatic devices can prevent

pulmonary emboli and are more effective when combined with unfractionated heparin

(UFH) than the use of unfractionated heparin alone. Another study by Kamran, although
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Table 6 Many Uses for Pneumatic Compression

Hemostatic defects—hemophilia, Von

Willebrand’s disease, platelet functional

defects, heparin-induced thrombocytope-

nia, etc.

History of venous thromboembolism, use in

combination with pharmacologic

prophylaxis

Post-cardiopulmonary bypass (CABG) pro-

cedures (along with heparin or LMWH)

Ruptured vessels—bleeding ulcers, bleeding

from colitis or ileitis

Pelvic hematomas, and/or other complex

trauma situations

Craniotomy or spinal cord surgery

Complex cancer operations—pancreatoduo-

denectomy, major hepatic resection,

extensive pelvic resection, etc.a

Patients with stroke in the acute phase, and

in combination with heparin or LMWH

later, particularly those who cannot

ambulate

In selected THR replacement patients at

lower risk

All total knee replacements along with

LMWH

Low risk of VTE, avoids anticoagulant

bleedingb

a Use alone until it is safe to start anticoagulants.
b In patients with only 2 risk factors.

LABRO

Caprini and Wentworth186

FirstProof

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500
not a randomized prospective study, clearly shows the benefits of adding pneumatic

compression stockings and UFH for the prevention of DVT in stroke patients (41). The

third indication for the use of physical methods is in patients with two risk factors where

the incidence of DVT is 10–20% (see Table 3). The use of anticoagulants has never been

shown to be better than using GCS and IPC combined for the prevention of venous

thrombosis in this low-risk group of patients. Finally, as one who has used these devices

for many years, I re-emphasize that, when using physical methods, combining IPC and

GCS produces the best results. This opinion is based on 29 years of experience with IPC,

observing many occasions during hospitalization where IPC devices were removed and

their reapplication was delayed because of nursing personnel shortages (e.g., sending

patients for diagnostic tests, getting them up in a reclining chair or to ambulate, wash or go

to the bathroom). If the patient has GCS on, at least some degree of protection from venous

stasis and overdistention of the venous system in the legs is afforded (34). If the patient

cannot receive anticoagulants, we feel that the use of GCS alone is inadequate and will

produce higher rates of venous thrombosis.
Unfractionated Heparin
T7
The use of this drug for thrombosis prophylaxis in surgical patients can be traced to the

pioneering work of Kakkar who, in 1977, reported a trial involving 28 hospitals and 4000

patients comparing small doses of UFH to placebo given to surgical patients

postoperatively (42). The study clearly showed that UFH statistically significantly

prevents all DVT compared to placebo and the incidence of fatal PE was reduced by 50%

in the treated group (42). Table 7 shows these data, as well as the remarkable finding by

Collins in 1988. He conducted a meta-analysis of all the trials that could be compared

to the original Kakkar trial. This involved another 70 centers and 16,000 patients over a

15-years period. The results were exactly the same as the original trial (43). Once these

data were available, the knowledge that UFH could lower the morbidity and mortality

from thromboembolic disease after surgical procedures was unquestioned. For the next

decade this drug became the standard for prevention of venous thromboembolism in these
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Table 7 Early Use of Unfractionated Heparin for the Prevention of VTE in Surgical Patients

Kakkar 1975 4000 pts, 28 centers Collins 1988 16,000 pts, 70 centers

Group Control Heparin Control Heparin

DVT 29.6% 9.40% 27.4% 10.6%

Fatal PE 1.7% 0.9% 3.4% 1.7%

Bleeding 5.80% 8.80% 1.80% 3.10%
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surgical groups. As a matter of fact, UFH continues today to be the most widely used

thrombosis prophylaxis modality in medical and surgical patients (44,45). This drug is

very popular because it is inexpensive, has a half-life of under one hour, can be measured

with the APTT, can be reversed easily with protamine, and is very familiar to generations

of physicians.

The results of trials in general surgery involving UFH versus LMWH show varying

results for thrombosis prophylaxis, with meta-analyses demonstrating either no difference

between UFH and LMWH or improved VTE protection and lower bleeding complications

with LMWH (46,47). One of the most recent trials by McLeod, a double-blind,

randomized trial of 5000 units of UFH t.i.d. versus 40 mg QD of the LMWH enoxaparin,

showed no significant differences in outcomes using UFH compared to LMWH in general

surgical patients and the authors state that they prefer UFH due to its lower cost (48).

There are some disadvantages of unfractionated heparin, including the dreaded

complication of heparin-induced thrombocytopenia (HIT). In susceptible patients heparin

attaches to platelet Factor IV and stimulates an immune reaction which leads to

platelet activation, clumping and thrombus formation. The syndrome usually develops

after seven to ten days of heparin therapy and can recur in patients previously exposed to

heparin (49,50). In this scenario the patient develops paradoxical clotting, most commonly

manifested clinically as thrombotic episodes. At times, severe, disabling and often life-

threatening strokes, pulmonary emboli, or thrombosis of the major arteries that are limb-

threatening can result from HIT. This complication occurs in approximately 1% of patients

receiving prophylactic or therapeutic doses of heparin (51). If one accounts for the cost of

these complications, the economic advantage of UFH over LMWH is not so great (122).

In addition, UFH inhibits platelet function to a greater degree than LMWH, which may

produce more bleeding (46). Although both of these drugs are highly effective in general

surgical patients, often neither one of them is used for fear of bleeding. Patients

undergoing general, vascular, urologic, gynecologic and thoracic surgical procedures are

often protected against thrombosis with stockings and/or IPC. Unfortunately, these

modalities alone are only good for lower-risk surgical patients and not nearly as effective

when patients have additional risk factors. In a study in our university academic setting,

70% of patients who were at very high risk did not receive appropriate thrombosis

prophylaxis according to Consensus Conference Guidelines. The most commonly used

form of prophylaxis in these individuals was a combination of stockings and pneumatic

compression devices (123). Although long-term outcomes were not done as a part of this

study, overall, patients on the surgical services had a higher than expected incidence of

venous thrombosis compared to other hospitals (124). These data further illustrate that

detailed individual risk assessment coupled with adherence to guidelines based on the risk

factor point total is the key to reducing the incidence of thrombosis to the lowest

possible level.

The under-use of thrombosis prophylaxis is not limited to surgical patients. One of

the greatest needs in the medical community is to use appropriate thrombosis prophylaxis
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in patients at risk according to Consensus Conference Guidelines. Three large clinical

trials which were randomized and prospective clearly showed that 10 to 15% of medical

patients admitted to hospital with additional risk factors can be expected to develop

venous thrombosis without appropriate prophylaxis (53,54). These three trials were done

with newer anti-thrombotic agents and the results will be described in subsequent sections

of the text.

A common practice on both medical and surgical services is to administer UFH

5000 units b.i.d. as primary thrombosis prophylaxis. Bergmann, in a study of geriatric

patients, showed that UFH 5000 units b.i.d. and 20 mg of enoxaparin were equivalent in

preventing venous thrombosis (55). This dose of enoxaparin was subsequently found to be

ineffective in reducing DVT in high-risk medical patients (11). There is good evidence in

both the medical and surgical literature, however, that the use of 5000 units of UFH t.i.d. is

superior to the b.i.d. dosing schedule (48,56). In fact, there is no large, randomized,

prospective trial that shows the value of UFH 5000 units b.i.d. in medical patients. Three

randomized, prospective trials in high-risk medical patients showed no differences

between the b.i.d. heparin dosing and placebo (57–59). Goldhaber has commented on this

problem, stating that “new onset VTE is more often caused by prophylaxis failure than

lack of prophylaxis use” (60). In his series, patients readmitted to hospital with recurrent

DVT most often had been given GCS or UFH b.i.d. alone as prophylactic modalities

during the previous hospitalization. Many of these patients had multiple risk factors, with

80% having more than two risk factors. The majority of these patients were on medical

services, not surgical services (where it is common for GCS, IPC and pharmacologic

prophylaxis to be used together). These data indicate that GCS or UFH b.i.d. should not be

used alone in patients at high risk for VTE.
Low Molecular Weight Heparin
T8
This class of drugs was developed in the 1970s by chemical or enzymatic degradation of

unfractionated heparin. In an attempt to isolate the part of the heparin molecule

responsible for anticoagulant properties, a 19-saccharide chain was isolated from the

original 50 saccharide units in unfractionated heparin. Low Molecular Weight Heparin

(LMWH) solves many of the problems associated with UFH. Table 8 compares some of

the more important characteristics of both compounds. The improved bio-availability,

longer half-life and freedom from routine monitoring were important characteristics, along

with the lower incidence of HIT and heparin-induced osteoporosis. The most fascinating

property of this class of drugs is the improved patient survival seen in cancer patients in

studies comparing UFH and LMWH in patients with venous thromboembolism.

Dr. David Bergqvist from Uppsala, Sweden pioneered the use of low molecular

weight heparin for thrombosis prophylaxis in surgical patients. His original observations

found that LMWH had less influence on primary hemostasis than UFH in the animal

model (61). Unfortunately, this initially led to too high dosing in early clinical prophylaxis

studies. He performed the first pharmacokinetic and pharmacodynamic studies on LMWH,

as well as extensive clinical studies using this drug in a variety of clinical scenarios over

the next 20 years (28,62–68). He was also first to show the long-term benefits of LMWH

for extended prophylaxis (69). Bergqvist also showed that larger prophylactic doses of

LMWH were more effective than smaller prophylactic doses both in cancer and benign

disease (70). He also demonstrated equal efficacy of several low molecular weight

heparins compared to UFH in general surgical patients (62). One of his most important

contributions was the recently completed Enoxacan II trial, which showed that 30 days of

LMWH statistically significantly lowers the venographic incidence of venous thrombosis
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Table 8 Advantages of LMWH Compared to UFH

UFH LMWH

Nonspecific binding to plasma

proteins, endothelial cells, and

macrophages

More specific binding to ATIII

Variable anticoagulant effect,

requires anticoagulant monitoring

high-risk patients

Consistent and predictable anticoagulant effect

Monitoring required for high-risk

patients

No anticoagulant monitoring required

Dosed q8h in high-risk patients Most situations once daily dosing

Relatively poor bioavailability,

especially low dose

Better bioavailability at low doses

Heparin resistance may occur No heparin resistance

Short half-life Longer half-life

Redudced incidence of HIT and heparin-indudced

osteoporosis

Improved patient survival in patients with cancer
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compared to seven days of LMWH prophylaxis. This study was done in abdominal surgery

patients undergoing operations for cancer. For many of us who believe in extended

outpatient prophylaxis, this study provided some guidelines as to the appropriate length of

prophylaxis (63). However, if after 30 days the patient is still not ambulatory, then

continued prophylaxis may be necessary because of the patient’s continued VTE risk from

immobilization, usually in a reclining chair.

Another fascinating property of LMWH was discovered in thrombosis treatment

trials in patients with cancer who were randomized to receive either LMWH or UFH as

initial treatment for their venous thrombosis. The patients in the LMWH group had a

longer survival than did their counterparts who received UFH. This is a very complex

association which is not well understood and has also been seen in some prophylaxis trials,

most notably the work of Von Tempelhof (71). This trial involved the administration of

only seven days of LMWH or UFH for prophylaxis following gynecologic oncology

debulking pelvic procedures. 2400 days later, patients who had received LMWH only at Q

the time of their surgery (seven days) had a statistically significantly better survival

compared to their counterparts in the UFH group. Subsequent studies in cancer patients

suggest that the administration of LMWH for one year in good-prognosis cancer patients

without DVT prolonged their survival compared to those not receiving the drug (72,73).

Additionally, other researchers have postulated that warfarin is not as effective as LMWH

in cancer VTE prevention (74–76). While further studies are necessary to determine the

effects on tumor biology, the authors would urge clinicians to prescribe LMWH whenever

possible for prophylaxis or treatment of venous thromboembolic disease in patients with

cancer, based on these studies.

Patients who present with multiple trauma suffer from a high incidence of VTE,

which is seen over 70% of the time when long bone fractures are part of the clinical

picture (77). Data have emerged to suggest that the administration of LMWH as

prophylaxis in these trauma patients statistically significantly lowers the incidence of VTE

compared to UFH prophylaxis (78). It is not always possible to employ anticoagulants in

some of these patients, particularly those with closed head injury, pelvic fractures, or when

lacerations of the liver or spleen are observed. Depending upon the risk of the patient, it is
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sometimes necessary to introduce prophylactic vena cava filters, especially when the

patient has a strong past history of venous thromboembolism, multiple markers of

thrombophilia, the post-thrombotic syndrome, or severe chronic venous insufficiency.

Duplex scan screening of these individuals has also been used as a strategy, but the

sensitivity and specificity of this noninvasive modality in patients without symptoms of

deep vein thrombosis varies widely among institutions (79,80).

A great many studies have been carried out in the orthopedic population using

LMWH, particularly following total joint replacement. It has been nearly 20 years since

the first trials employing LMWH compared to UFH following total hip replacement

showed a statistically significant superiority in favor of LMWH (81,82). Initially this drug

was administered close to the time of surgery or in the early postoperative period, which

resulted in excessive bleeding (83,84). Subsequent studies have demonstrated that the

administration of enoxaparin at 12 hr, or later postoperatively, is associated with a less

than 0.5% incidence of bleeding. That percentage rises to 5.3% if the drug is administered

eight hours postoperatively (85). The question of pre- or postoperative initiation of

LMWH has not been completely settled. The European community tends to use a

preoperative dose given 12 hours prior to surgery, while North American clinicians favor

starting the drug 12 to 24 hours postoperatively. One recent trial involved the use of

dalteparin given in two regimes which were prospectively randomized and analyzed with

respect to both efficacy and bleeding risk (86). In one limb of the study, the drug was

administered 12 hours preoperatively, given in a reduced dose 6 hours postoperatively,

and then a full dose every 24 hours thereafter for a total of seven to 10 days. In the other

limb of the study, the preoperative dose was omitted. The results showed that the efficacy

of postoperative dosing compared to pre- and postoperative dosing was not statistically

different, while those patients who received LMWH preoperatively suffered a higher

incidence of bleeding complications. For many North American clinicians, this settled the

question, although many of us recognize that further research needs to be completed.

Should LMWH prophylaxis be continued following discharge in total hip

replacement patients? Bergqvist first demonstrated a 54% risk reduction with 30 days

of LMWH prophylaxis compared to seven to 10 days postoperatively (30). A number of

other authors subsequently confirmed these findings in this high-risk orthopedic

population (31,63,87,88). The clinical and venographic incidence of VTE is statistically

reduced following this extended prophylaxis in hip replacement surgery, hip fracture

surgery, and in cancer patients who have endured surgery.

LMWH is also widely used following total knee replacement and is usually

administered for seven to 10 days (89). Extended prophylaxis in this group of patients has

not been shown to be necessary in prospective clinical trials (31). It has been our personal

observation that many times these patients will be relatively immobile for four to

six weeks following surgery, spending long periods of time in the recliner. These patients

may require continued prophylaxis until they are fully ambulatory.

In the United States the use of oral anticoagulants following total joint replacement

has been popular and approximately half of all patients are treated in this fashion. Many

clinicians favor this approach because bleeding problems are minimal and the clinical

incidence of VTE appears low. While prospective, randomized clinical trials such as the

one by Hull showed venographic superiority in the prevention of VTE using LMWH

compared to oral anticoagulants, warfarin still remains popular among clinicians (86,90).

One reason for using the oral approach can be traced to the work of Colwell. This

trial collected data from 156 centers and involved 3000 patients who were followed for

90 days following total hip replacement and randomly assigned to warfarin or enoxaparin.

There was no statistically significant difference in the incidence of symptomatic VTE at
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90 days between the two groups (91). LMWH enthusiasts would be quick to point out that

there was a statistically significantly higher incidence of clinical VTE during

hospitalization in the patients receiving oral anticoagulants. Only 1.1% of the patients

had VTE and this was reduced to 0.3% in the LMWH group. Most clinicians did not

consider this tiny reduction in incidence to be worth the potential increased bleeding and

cost of LMWH. Additionally, both agents were given for 10–14 days, which is a shorter

duration than what is recommended today. Some of us feel that looking only at a clinical

endpoint is a very one-dimensional philosophy that does not address the overall

advantages of LMWH to statistically significantly reduce the overall incidence of VTE.

We are bothered by those who do not pay attention to venographic endpoints, arguing that

they are artificial laboratory results that have little clinical significance. Kakkar

demonstrated decades ago that delayed diagnosis of a clot led to damaged venous valves

and to PTS (42). It would follow that inadequate prevention leads to asymptomatic clots

that may not cause PE early in the course, but would lead to PTS and recurrent thrombosis.

To those individuals, we point out that there are now several trials that demonstrate that

venographic endpoints are surrogate markers for clinical events (92,93). We feel that in

patients at extremely high risk for VTE, the use of a drug that provides the best efficacy

should be selected.

LMWH prophylaxis has been used in medically ill patients in a number of studies,

including the Medenox trial, which compared placebo, enoxaparin 20 mg/day, and

enoxaparin 40 mg/day, in medical patients with one additional risk factor such as

infection, heart failure, or pulmonary disease (11). The higher enoxaparin dose produced

statistically significant improvement in the incidence of all VTE from 14.9% in the

placebo group to 5.5% in the treated group. Interestingly, the lower-dose enoxaparin group

had a 15% incidence of VTE compared to 14.9% in the placebo group. This study clearly

illustrated that one must use not only the right drug, but also the right dose for a specific

thrombosis prophylaxis indication. A second trial called the PREVENT trial involved

dalteparin 5000 units a day in 3706 medically ill patients and showed a statistically

significant reduction in the incidence of VTE from 4.96% to 2.77% (12).

The question of cost-effectiveness was first addressed by Bergqvist when he showed

how patients who self-administered LMWH avoided clinical DVT (94,95). A number of

other authors have studied the cost-effectiveness of using LMWH compared to UFH in

both prophylactic and therapeutic studies. They conclude that the higher initial cost of the

LMWH compared to UFH is justified because of the savings attributed to improved

efficacy and reduced side-effects, particularly the dreaded HIT (96–99).
Fondaparinux
As the first synthetic Factor Xa inhibitor, fondaparinux further refines the quest for a

specific inhibitor of clotting. Even with their successful use, LMWH still have limitations:

b.i.d. dosing with many indications, cannot be used in HIT, and they are derived from

animal sources. Many years of research during the 1980s led to the realization that only a

5-sugar sequence was required for antithrombotic activity. In collaboration, the Institute of

Choay, Sanofi-Synthelabo, and Organon synthesized a 5-sugar molecule, fondapairnux,

which would bind to antithrombin 94% and increase antithrombin affinity for Factor Xa by

300-fold (100–102). The specific binding and small size of fondaparinux also results in a

lack of cross-reactivity with platelet Factor IV, resulting in a substantially reduced ability

to promote HIT (50,103). Early research demonstrated its effectiveness in prevention of

DVT in hip and knee replacement with a fixed, once-daily subcutaneous injection (104).
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A large study program in hip replacement, knee replacement, and hip fracture repair

introduced fondaparinux to orthopedic care. Fondaparinux was compared to both

the European and North American conventional doses of enoxaparin in a randomized,

double-blind fashion. Fondaparinux reduced the occurrence of venographically detected

venous thrombosis over 50% better than did enoxaparin (105). Patients undergoing knee

replacement experienced a higher bleeding rate in the fondaparinux group (106).

An analysis of the timing of dosage initiation demonstrated that excess bleeding risk was

attributable to drug administration less than four hours after surgery, similar to the LMWH

trial by Hull (86). The researchers found that the preferred administration time for

fondaparinux came six to eight hours after surgery (105,107). Subsequently it was found

that next-day (!24 hr) administration maintained efficacy but reduced bleeding in

patients following total hip or knee replacement (108). Pharmacoeconomic studies have

demonstrated that fondaparinux is more cost-effective when chosen instead of enoxaparin

in several models in the United States and Europe (109–113).

With regard to extended prophylaxis in orthopedic surgery, Eriksson pursued the

ability of fondaparinux to reduce VTE events in patients undergoing hip fracture repair.

Compared to seven days of prophylaxis, 30 days of fondaparinux prophylaxis reduced the

event rate from 35% to 1.4%. Additionally, the symptomatic event rate was significantly

reduced from 2.7% to 0.3%, nearly eliminating VTE (93). This trial is a significant

contribution to patient care. First, it confirmed the ability of a venogram to accurately

predict the effects on clinical VTE events; both were prevented by 90%. Second, unlike

previous studies, this study was able to identify beneficial effects on symptomatic events

alone in only 656 patients, confirming the benefit of fondaparinux prophylaxis.

Additionally, with four weeks of fondaparinux treatment, major bleeding was no different

from placebo.

With its success in DVT prevention after orthopedic surgery, fondaparinux was

studied in other indications as well. Abdominal surgery patients at risk for postoperative

DVT were assigned to fondaparinux or a pre-op/post-op dosage of dalteparin in a double-

blind fashion. Both drugs reduced the VTE rate similarly; however, unexpectedly,

fondaparinux reduced the VTE rate in the cancer cohort significantly compared to

dalteparin. Major bleeding was low for both agents (114). This is the first study comparing

fondaparinux to LMWH in a cancer cohort. These interesting results await larger, more

specific trials in cancer patients receiving surgical treatment as well as DVT prevention in

patients being medically treated for cancer.

A European placebo-controlled trial was undertaken to determine the effect of

fondaparinux in the prevention of VTE in patients hospitalized for medical illness. This

was possible due to the low rate of heparin or LMWH utilization in medical patients at

the time the trial was conducted. Fondaparinux significantly reduced the VTE rate in

medical patients compared to placebo from 10.5% to 5.6%, with no significant difference

in major bleeding. Additionally, fondaparinux reduced the rate of death due to PE from

1.5% to 0% (53). This was the first time a single study demonstrated reduced mortality in

medical prophylaxis patients. Previous meta-analysis of many LMWH demonstrated

reduced mortality in medical and cancer patients receiving prophylaxis as

described earlier.

Fondaparinux is undergoing evaluation by the FDA for prophylaxis after abdominal

surgery and in medical prophylaxis. Its place in therapy has been addressed for its current

indications in orthopedics by the Consensus Conference Guidelines. It has been given

FDA approval in hip fracture patients for both standard and extended prophylaxis, is a

useful prophylactic agent in high-risk patients, and can prevent VTE better than LMWH.

Proper administration time after surgery, and avoidance in patients with severe renal
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dysfunction (creatinine clearance !30 ml/min), will optimize its safety. This agent

demonstrates again that patient-specific risk assessment is needed in order to enjoy the

benefits and minimize the risk of thrombosis prophylaxis.
Ximelagatran
For many years warfarin was the only oral anticoagulant available for long-term

thrombosis prophylaxis in patients with chronic atrial fibrillation and mechanical heart

valves, and as primary treatment after an initial period of heparin therapy in patients with

VTE. Warfarin has also been the mainstay of long-term prophylaxis in VTE. It has been

widely used as primary thrombosis prophylaxis after major orthopedic surgery,

particularly in joint replacements and following hip fracture surgery. However, warfarin

has a slow onset of action and is inconvenient because it requires frequent coagulation

monitoring and dose adjustments. In addition, the anticoagulant properties of warfarin can

be affected by certain foods, alcoholic beverages, and a wide variety of medications. The

logistics of managing warfarin may be cumbersome in certain clinical situations,

particularly in those individuals who do not have access to coagulation clinics or other

advanced health-care management systems that specialize in patient monitoring. A small

subset of patients exists in whom maintaining appropriate levels of anticoagulation is a

difficult chore due to warfarin resistance or other factors (115).

Over the past few years a new oral anticoagulant called ximelagatran has been

developed. Taken orally, this drug undergoes a rapid biotransformation in the GI tract to

melagatran. It directly inhibits thrombin, both clot-bound and circulating in plasma.

Melagatran is not metabolized, and 80% of the drug is excreted renally. It is not bound to

plasma proteins and has a low potential for food or drug interactions. This drug does not

require routine anticoagulant monitoring; however, it does require liver enzyme tests

(AST, ALT, bilirubin) monthly. Fixed dosing produces a predictable dose response and it

must be taken twice daily. Melagatran reaches a peak concentration in the blood in

two hours and has a four-to-five-hours half-life. It has a pharmacokinetic profile

comparable to LMWH. This drug has undergone an extensive clinical trial program

involving nearly 30,000 patients. The clinical areas involved in these studies include DVT

prophylaxis after orthopedic surgery and in medically ill patients, DVT treatment both

primary and extended prophylaxis, atrial fibrillation, and in patients with certain acute

coronary syndromes (116–119). This clinical program has been very successful regarding

efficacy endpoints; however, at the present time, concern over liver function test elevations

has prevented this drug from achieving FDA approval in the United States (120). The drug

has been approved for short-term use in a number of European countries and has been used

in about 50,000 patients. To date, no serious liver-related problems have been observed.
KEY POINTS
LABRO
† Venous thromboembolism (VTE) is a major cause of mortality particularly in

the elderly, in those undergoing surgery and in those with cancer

† Longer term the post-thrombotic syndrome occurs in 25% of those with a DVT

† All patients should undergo a formal risk assessment for VTE

† Physical measures such as graduated compression stockings and intermittent

pneumatic compression are effective

† Physical measures should be particularly considered in those where antic-

oagulants are contraindicated or where there is high risk
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† Pharmacological prophylaxis includes unfractionated heparin and low-molecu-

lar weight heparin

† Newer agents including direct factor Xa inhibitors are being developed and

introduced.
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