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INTRODUCTION 

Prophylactic regimens to decrease the morbidity and mortality associated with venous 
thromboembolism (VTE), namely the postphlebitic syndrome and pulmonary embolism, are well 
established in surgical patients. Compared with surgical patients, much less research has been 
done regarding preventing VTE in hospitalized medical patients. VTE is a definite problem in 
the nonsurgical setting. The incidence ofthromboembolic disease in hospitalized medical 
patients varies widely, from about 3% in those without pre-existing risk factors to over 50% in 
those with predisposing factors for deep vein thrombosis. Massive pulmonary embolism 
accounts for 4-8% of hospitality mortality in medical wards.(! ;2) The importance of 
thromboembolic disease on the medical wards is confim1ed by the fact that approximately Y4 of 
patients that present with pulmonary embolism are nonsurgical. In a retrospective review of 
autopsies performed between January 1979 and December 1983 at the Royal Hallamshire 
Hospital, UK it was found that about 10% of autopsies had pulmonary embolism that was 
thought to have contributed to death. Only 24% of these autopsies that underwent record review 
had undergone surgery.(3) In the Worchester study, a retrospective survey of 16 short stay 
hospitals in Massachusetts, 1231 patients were found to be admitted with a diagnosis of acute 
VTE. Over 80% of patients with pulmonary embolism were nonsurgical. In-hospital mortality 
with this group of patients was 8.6%. The majority ofthose with DVT were also nonsurgical as 
only 19% had surgery reported.(4) In a follow up ofnonhospitalized Framingham Heart Study 
autopsies from 1951-1976 pulmonary embolism was found to be a contributing cause of death in 
15.6%. Of these only 18% were postoperative.(5) 

Given the significant amount of surgical literature on VTE prophylaxis, it would seem 
reasonable to assume that this information could be applied to medical patients. However, there 
are many significant differences between surgical and medical patients that prevent such 
generalization. Overall, medical patients have lower rates ofVTE. Medical patients have more 
heterogeneous diseases and therefore a wider range of thrombotic risk. They have higher rates of 
aspirin use (a drug that arguably has some benefit in VTE prophylaxis). Surgical patients have a 
discrete time frame of risk and this is not usually so of medical patients. The postoperative state 
is associated with wound activated clotting that further increases DVT rates. These differences 
preclude the extrapolation of study results from surgical to medical patients. 

Over the last ten years there has been a significant increase in the study of VTE prophylaxis in 
medical patients. A recent consensus statement by the American College of Chest Physicians on 
VTE prophylaxis(6) has incorporated the results of this ongoing literature into easy to apply 
guidelines for specific groups of medical patients. 

APPROACHES TO REDUCING VTE IN MEDICAL PATIENTS 

There are three main ways to approach VTE in hospitalized patients. One option is to wait for 
symptomatic DVT or PE to occur, then treat appropriately. This may be cost effective in those at 
very low risk for VTE, however is not feasible in patients at increased risk. Sudden death due to 
fatal PE is often the first and only clinical sign of disease.(3) Most patients who die ofPE do so 
within 30 minutes of the acute event, too early for possible therapeutic intervention.(?) Waiting 
for DVT to occur is also associated with significant morbidity. Almost one third will develop 



the postphlebitic syndrome associated with debilitating pain, edema, and venous ulceration. Up 
to 25% of those with a single episode of DVT, even in association with a transient risk such as 
recent surgery, will have recurrence in 5 years.(8) 

Since the vast majority of patients with fatal pulmonary embolism have previous asymptomatic 
DVT(3), another option is to use serial surveillance tests to detect asymptomatic DVT in those at 
risk. Those with DVT found by screening would be treated with full dose anticoagulation to 
avoid pulmonary embolism. There are also problems with this concept. First, by waiting for 
DVT to occur before treatment, there is an increased risk of development of the postphlebitic 
syndrome and PE and their associated morbidity. The economic costs of postthrombotic 
complications are considerable.(9) Second, the available tests used for screening are either 
invasive or have low sensitivity in evaluating DVT in asymptomatic patients. Venography is the 
gold standard for the diagnosis ofDVT. It is expensive, invasive, sometimes nondiagnostic, and 
is not available in many centers. Noninvasive tests include nuclear fibrinogen uptake testing 
(FUT), impedance plethysmography (IPG), and sonography. Fibrinogen uptake testing was 
introduced in the early 1970's as an accurate means of detecting asymptomatic DVT. It rapidly 
became the accepted standard for screening and evaluating prophylaxis measures in hospitalized 
patients. It is expensive and cumbersome, as it requires almost daily scans to evaluate for 
increased uptake. Over the last 10 years the accuracy of this test has been in question. In a 
medline review of studies evaluating FUT with venography in otihopedic and general surgery 
patients, the pooled sensitivity ofFUT for calf vein thrombosis was 55%, all venous thrombosis 
45%, and specificity of92%.(10) Venous thrombi, hematoma, and areas ofinflammation can 
produce abnonnal FUT. IPG has high sensitivity and specificity in the evaluation of 
symptomatic DVT, but does not fare nearly as well in screening for asymptomatic DVT. In a 
retrospective review by Cruickshank et al(ll), a comparison ofiPG with venography in patients 
status post hip surgery showed IPG had a sensitivity of 12.9% and specificity of98.1 %. Agnelli 
et al(12) also compared IPG with venography after hip surgery. IPG's sensitivity was 19%, 
specificity 91%, PPV 52%, NPV 70%. Ultrasound (B-mode, duplex doppler, color doppler) is 
currently the diagnostic test of choice for patients with symptomatic DVT. These tests have 
shown sensitivity and specificity both in the 97% range. Ultrasound is not nearly as good in 
evaluating asymptomatic DVT. In a metaanalysis of articles evaluating all fom1s of venous 
ultrasound with contrast venography in detecting asymptomatic DVT, ultrasound had an overall 
sensitivity of 62%, specificity 97%, and a PPV of 66%.(13) 

The best way to prevent VTE is to target those at increased risk and apply prophylactic 
measures. In the surgical literature VTE prophylaxis is also more cost effective than DVT 
screening.(14;15) Previous studies in general surgery have evaluated the cost effectiveness of 
VTE prophylaxis, no intervention, and VTE screening with FUT. No intervention and screening 
with FUT were shown to be 1.2-2.6 and 3.8-8.8 times more expensive respectively than 
prophylaxis.(l6-18) 

WHO BENEFITS FROM VTE PROPHYLAXIS? IDENTIFYING THOSE AT RISK 

The tisk ofVTE in hospitalized patients depends on their underlying illness, history oftrauma, 
planned surgical procedure, and also on pre-existing patient related variables (see Table 1 ). 
Advanced age has consistently been found to correlate with an increase risk ofVTE in 
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hospitalized patients. One hospital based prospective autopsy series showed a low incidence of 
PE in those under 40 years of age, but thereafter the incidence steadily increased with age.( 19) 
In another autopsy study of patients that died from bums and other injuries, isolated venous 
thrombosis occulTed in 47% of those under 45, 62% among those 46-75, and 74% over age 
75.(20) In a community wide study in Worcester, Massachusetts, the incidence ofDVT and PE 
increased exponentially with age.(21) Some have questioned whether age is a true independent 
risk factor for VTE, since other risk factors are also more common with advanced age. A 
previous multivariate analysis has shown that age is an independent risk factor even after 
adjusting for other known risks.(22) 

TABLE 1: Known Risk Factors For Venous Thromboembolism In Patients 

Patient Factors Disease I Procedure 

Age Obesity Trauma or surgery Malignancy 

Varicose veins Immobility Heart failure Myocardial infarction 

Pregnancy Puerperium Paralysis of legs Infection 

Oral contraceptives Previous DVT or PE Nephrotic syndrome Polycythemia 

Thrombophilia Paraproteinemia Homocysteinemia 

Inflammatory bowel Paroxysmal nocturnal 
disease hemoglobinuria 

Modified from THRIFT consensus group (23) 

A history of prior thromboembolic disease is also is a marker for high risk of recunent disease. 
In a previous surgical study, patients without prior VTE had approximately 20% DVT compared 
with greater than 60% in those with known history ofVTE.(22) 

Regardless of the cause, immobilization results in prolonged venous stasis in the deep veins of 
the legs. One autopsy series found an association between bed rest and venous thrombosis .(24) 
The incidence was only 15% in those confined to bed for less than one week and over 80% for 
those confined for longer periods. An autopsy series of burned or injured patients yielded similar 
results of 35% versus 80% respectively.(20) In patients with acute stroke, venous thrombi were 
detected in 60% of paralyzed lower extremities compared with 7% in the nonparalyzed leg.(25) 
In another study of acute stroke patients, venography confirmed venous thrombosis in 31% of 
affected/hemiplegic legs compared with 9% on the unaffected side.(26) This interlimb 
comparison stresses the relative importance of local paralysis and immobility as a risk for DVT. 

Obesity has been suggested as a risk factor for venous thrombosis, however evidence is 
equivocal. Kakkar et al (22) showed that obesity was an independent risk factor in a series of 
univariate analyses. 48% of those overweight versus 24% average and underweight had venous 
thrombosis. However, a data review of patients undergoing general surgery showed that there 
was no significant increase risk ofVTE in obese patients.(27) 
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Cardiac disease, to include myocardial infarction and CHF, is a significant tisk factor for 
development ofVTE. In a study of patients admitted with suspicion ofMI, 38% of those with 
proven MI had DVT compared with 10% ofthose who were found not to have MI.(28) In a 
similar study DVT was found in 34% of those with MI compared with 7% of those found not to 
have MI.(29) CHF is associated with an increased incidence of pulmonary emboli found at 
autopsy. Harvey and Finch followed 100 CHF patients. 17 of these patients died and autopsy 
was performed on 12. Of these 8/12 had pulmonary emboli.(30) Anderson and Hull followed 
150 CHF patients. 10 of 20 who died had an autopsy performed. 5 had pulmonary emboli at 
autopsy. Two of those alive had PE diagnosed. This corresponds to at least a 5% incidence of 
pulmonary emboli in those with CHF.(31) 

Many reports have suggested a correlation between VTE and malignancy. The original 
association was attributed to Trousseau. Coon and Coller found PE twice as common in cancer 
patients in a postmortem study.(32) In a comparison of patients undergoing laparotomies that 
did not receive heparin prophylaxis, the incidence ofvenous thrombosis was 28% in those with 
benign disease compared to 60% in those witb malignancy.(33) There is also an association 
between cancer and spontaneous venous thrombosis. In a large group of patients referred for 
confirmation ofDVT, long term follow up estimated a five year risk of cancer development in 
6.3% of those with confirmed DVT compared with 2.4% of those found not to have DVT 
(P<0.01).(34) Prandoni and colleagues studied the development of cancer in a two-year follow
up of patients refeJTed for treatment ofDVT. Of those without obvious cause for DVT 7.6% 
developed cancer. Only 1.9% of those with an obvious risk factor for DVT developed cancer 
(P==0.043).(35) 

Oral contraceptives are well known to be associated with increased risk for VTE. Several recent 
studies have also suggested an increased risk of VTE with hom1one replacement therapy as well. 
In a double-blind placebo controlled trial, women with coronary artery disease were randomized 
to estrogen 0.625/progesterone 2.5 mg or placebo and followed over four years for the 
development ofVTE. 2.46% of those on HRT developed VTE versus 0.94% placebo (P<0.003). 
Although this was statistically significant, the yearly number needed to treat for ham1 was 
256.(36) 

Based on published data, the degree of risk ofVTE in hospitalized medical patients has been 
summarized by the Thromboembolic Risk Factors Consensus Group (table 2).(23) Medical 
patients at high risk of thrombosis (incidence of DVT >40%, PE 1-10%) are those with prior 
thromboembolism or thrombophilia and presenting with a major medical disease. Patients with 
lower limb paralysis are also included in this group. Those at moderate risk ofthrombosis (10-
40% DVT, 0-1% PE) are those with history of thrombophilia or thromboembolism and a minor 
medical condition, or those without thromboembolic history presenting with cardiac or 
respiratory failure, cancer, inflammatory bowel disease, or severe sepsis. Low risk patients 
(<10% DVT, <0.1% PE) are those without prior thromboembolism presenting with a minor 
medical condition. Routine VTE prophylaxis in this low risk group is not justified due to the 
costs and risks ofprophylaxis.(16) Routine prophylaxis in moderate to high-risk patients is 
advisable and is cost effective.(l4; 17) 

4 



TABLE 2: Incidence of venous VTE in hospitalized medical patients according to risk group 

DVT Proximal DVT Fatal PE 

Low risk groups Minor medical illness <10% <1% 0.01% 

Major medical illness: heart or lung 
disease, cancer, inflammatory 

Moderate risk groups bowel disease, sepsis 10-40% 1-10% 0.1 -1% 
Minor medical illness with 

thrombophilia or history of VTE 

Lower limb paralysis, major medical 
High risk groups illness with thrombophilia or prior 40-80% 10-30% 1-10% 

history of VTE 

Modified from THRIFT consensus group(23) 

CURRENT VTE PROPHYLAXIS MODALITIES 

GRADUATED COMPRESSION STOCKINGS (GCS) 

Early ambulation to activate the calf muscle "pump" was the first prophylactic modality used to 
help prevent DVT. This subsequently led to the development of graduated compression 
stockings (GCS). These stockings compress at approximately 18 mm Hg at the ankle and 
decrease to about 6-8 mm Hg at the thigh. The main benefit ofthis modality is no bleeding risk, 
however GCS has rarely been associated with ischemic leg injury in those with peripheral 
vascular disease or diabetic neuropathy. This modality has been shown effective to decrease the 
VTE risk in many surgical subgroups (appendix, figure I) . In a meta-analysis of GCS use in 
general surgery patients, there was an associated relative risk reduction of 68% for the 
development ofVTE.(37) In medical patients relatively few case reports and small series of 
GCS use have been evaluated and there has not been enough study to recommend the routine use 
of GCS in this patient group. 

INTERMITTENT PNEUMATIC COMPRESSION (IPC) 

Inte1mittent pneumatic compression (IPC) is a device that rhythmically compresses the lower 
extremities. IPC limits venous stasis and decreases the propensity for DVT formation. IPC has 
also been extensively studied in the surgical literature (appendix, figure 2). As with GCS there is 
no risk of bleeding, and there may be less risk of leg ischemia given the intermittent nature of 
IPC. No large randomized trials of IPC use in general medical patients have been performed. 
There have been two studies(38;39) in stroke patients; only one showed benefit in reducing 
symptomatic VTE. Venous foot pumps (VFP) are a relatively new mechanical modality for 
VTE prophylaxis. Reliable studies of their use are limited to orthopedic literature and are few. 
Two studies in total hip replacement (THR)( 40;41) and two studies in total knee replacement 
(TKR)( 42;43) have shown their effectiveness. However, the experience with venous foot pumps 
in orthopedic patients is small and DVT rates are greater than with anticoagulant prophylaxis. In 
two other TKR trials, low molecular weight heparins were significantly more effective than 
venous foot pumps.( 44;45) For this reason these mechanical methods have not been 
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recommended as primary VTE prophylaxis in orthopedic patients. These methods have not been 
studied in any significant randomized trials in medical patients. Special caution is needed when 
addressing and interpreting risk reductions ofVTE with mechanical means of prophylaxis (GCS, 
IPC, VFP). Blinding ofthese studies is not possible. There is also a well-known compliance 
issue with mechanical prophylaxis modalities. Because of this they are not likely to perform as 
well in clinical practice as they do in more stringently controlled conditions. 

UNFRACTIONATED HEPARIN (UFH) 

Unfractionated heparin (UFH) has been tested extensively in the surgical literature and has been 
found highly effect in preventing VTE (appendix, figure 3). There is growing literature showing 
the effectiveness ofUFH in medical patients as well. Typical prophylactic doses are 5000 units 
subcutaneously every 8 to 12 hours. Data comparing these two doses is relatively sparse. In a 
general surgery meta-analysis higher doses ofUFH were slightly more effective.(46) 
Complications ofUFH include bleeding, heparin induced thrombocytopenia, osteoporosis (with 
long tern1 use), anaphylaxis, urticaria, skin necrosis, and hypoaldosteronism. The incidence of 
significant bleeding is low in general medical patients. In two separate studies, the bleeding 
complications associated with UFH were 1.5%( 4 7) and 3 .6%( 48). Heparin induced 
thrombocytopenia, as documented by falling platelet counts and positive heparin dependent lgG 
antibodies, has previously been shown to occur in 2. 7% of patients on UFH.( 49) 

LOW MOLECULAR WEIGHT HEPARIN (LMWH) 

Many low molecular weight heparins have been tested in surgical (appendix, figure 4) and 
medical patients. Overall LMWH is at least as effect as UFH. In several high-risk groups, such 
as orthopedics, trauma, and spinal cord injury, LMWH is superior to UFH. Bleeding 
complications occur, however a meta-analysis of general medical patients showed the bleeding 
risk of LMWH to be about 52% lower than UFH.(50) LMWH has a lower incidence of injection 
site hematoma as well. The main limitation ofLMWH is its significant increased cost compared 
with UFH. In select high-risk groups the benefits will outweigh the cost. LMWH is also 
associated with heparin induced thrombocytopenia, however at a much lower rate than UFH.(49) 

WARFARIN 

Anticoagulation with warfarin to a goal INR of 2 to 3 has been shown to be an effective method 
of VTE prophylaxis. Studies using this regimen have generally been limited to high-risk 
orthopedic patients (appendix, figure 5). Warfarin has also been used in low dose for catheter 
related central venous thrombosis prophylaxis. There are no indications for its routine use in 
VTE prophylaxis in ill medical patients. Warfarin has a delayed onset of action and requires 
frequent laboratory monitoring. Warfarin's long half-life, concerns for drug-drug interactions in 
medical patients on complex regimens, and a high incidence of hepatic dysfunction and 
nutritional variability on the medical wards make other alternatives more attractive. 
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ASPIRIN 

Aspirin has been studied extensively in VTE prophylaxis. Because of its ease of administration 
and relatively few side effects, aspirin would appear to be an ideal agent. In a meta-analysis of 
the Antiplatelet Trialists( 51), anti platelet therapy was shown to significantly reduce the incidence 
of VTE in surgical and medical patients. This meta-analysis pooled over 30 studies of variable 
scientific design and quality.(52;53) Many ofthe individual studies demonstrated no significant 
benefit of aspirin or showed aspirin to be less effective than other agents. The results of the PEP 
trial (pulmonary embolism prevention)(54) leaves no doubt that aspirin prevents symptomatic 
VTE after hip fracture. Aspirin reduced the rate of symptomatic DVT from 1.5% to 1.0% and 
reduced the rate of pulmonary embolism from 1.2% to 0.7%. The absolute risk reductions were 
quite small however, resulting in a number needed to treat to reduce DVT and PE of 232 and 
195 respectively. In the subgroup ofpatients who also received LMWH, the frequency of 
symptomatic DVT and PE were not significantly different. It is also important to note that the 
prophylactic benefit of aspirin was mainly after the first week, when the majority of patients 
were discharged and not receiving any other prophylaxis( 55). Until aspirin is compared with 
other proven forms of VTE prophylaxis in randomized large studies using clinical endpoints, 
aspirin is not recommended over standard therapy. Given its low cost, ease of use, and safety 
profile, it is reasonable to use aspirin after hospital discharge following orthopedic surgery. 

VTE TRIALS IN MEDICAL PATIENTS 

We now have adequate trials in medical patients that make it possible for VTE prophylaxis 
recommendations. Initial studies were mainly in patients with myocardial infarction and stroke. 
More recently general medicine and intensive care unit patients have been studied as well. The 
following studies discussed below have been chosen based on rigorous inclusion criteria defined 
by the most recent consensus statement on prevention ofVTE.(6) This does not represent all 
available literature on VTE prophylaxis. 

ACUTE MYOCARDIAL INFARCTION 

Prophylactic antithrombotic therapy in acute myocardial infarction can be used to prevent VTE, 
mural thrombi, and systemic arterial emboli. There arc three major trials of VTE prophylaxis in 
acute MI using subcutaneous heparin, two using intravenous heparin followed by warfarin, and 
one using graduated compression stockings. The first subcutaneous heparin study was 
performed in 1972 and compared heparin 7500 units subcutaneously twice daily versus no 
therapy for seven days in an unblinded fashion to patients with acute MI.(56) FUT was 
perfom1ed every other day for two weeks. Of 50 patients enrolled, 23% receiving heparin and 
29% in the control group developed DVT (P>0.7). There were no significant differences in this 
study, however there was criticism for small groups, no blinding, and lack of rigorous inclusion 
criteria. In 1973 a randomized double blind study of heparin 5000 units twice daily versus 
placebo was performed in patients 40-75 years old and within 12 hours of MI.(57) Treatment 
was continued for ten days. FUT was used daily to screen for DVT. DVT occurred in 3.2% in 
the heparin group versus 17.2% in the control group (P<0.025). In 1977 Emerson and Marks 
published a trial of low dose subcutaneous heparin versus control in patients status post MI 
admitted to a CCU.(58) Treatment was for two weeks. The endpoint was DVT as diagnosed by 
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every other day FUT. DVT developed in 5% of heparin versus 34% control group (P<0.005). 
Three patients in the control group developed PE. 

In 1973 Wray et al examined prophylactic anticoagulation in prevention of calf vein thrombi 
after MI.( 59) Patients with acute MI and age 70 or less were randomized to 48 hours of high 
dose IV heparin ( 40,000 units/day) then adjusted dose warfarin for the duration of the hospital 
stay, or no treatment. DVT were screened for by daily FUT. DVT developed in 6.5% treatment 
group and 22% controls (P<0.05). No hemorrhagic complications were noted. In 1973 a 
cooperative clinical trial evaluated high dose subcutaneous heparin followed by warfarin for PE 
prophylaxis in patients with acute MI admitted to 12 VA hospitals.(60) The treatment group 
received subcutaneous heparin 10,000 units twice to three times daily to prolong the clotting 
time, followed by warfarin for 28 days. Lung scans were performed at 10-14 days and 21-28 
days. The treatment group had 2.0% PE versus control4.8% (P<0.005). There was no 
significant difference in recurrent MI, death, or CHF between groups. 

In 1993 Kierkegaard and Norgren evaluated mechanical prophylaxis with graduated compression 
stockings(GCS) in those with acute MI.(61) Within 24 hours of presentation, patients were 
given GCS on one leg and the other leg served as a control. FUT was performed daily for ten 
days. DVT occmTed in no legs with GCS as compared with 10% control legs (P=0.003). Of 
note venography was done on 6 of 8 with DVT by FUT. Venography confitmed DVT in 5 of 6, 
and the other had extensive chronic post-thrombotic changes. 

In comparing all of the above trials in acute MI, the overall incidence of DVT is around 24% 
among those not treated with anticoagulant therapy. Both low dose subcutaneous heparin and 
high dose IV heparin followed by warfarin significantly reduce the rate ofDVT. Mechanical 
prophylaxis with GCS also was of benefit in one study. The current aggressive treatment of MI 
with thrombolytics, anticoagulants, and antiplatelet agents is likely to further reduce VTE in 
these patients, however this has not yet been studied. 

ACUTE ISCHEMIC STROKE WITH HEMIPLEGIA 

Stroke patients have the highest overall rate ofDVT among medical patients. When pooling the 
control groups of all VTE trials, there is an average 55% rate of DVT in those with acute stroke 
and hemiplegia. Approximately 5% of early mortality after stroke is attributable to pulmonary 
embolism. Studies ofVTE prophylaxis in acute stroke have used inte1mittent pneumatic 
compression (IPC), low dose unfractionated heparin (LDUH), low molecular weight heparin 
(L WMH), and the heparinoid danaparoid. All have benefit. 

In 1982 the first trial of IPC in acute CV A was perfom1ed.(38) Those within 72 hours of acute 
ischemic stroke and with significant lower limb weakness were included. IPC was worn for the 
first 24 hours then three times daily (for 3 hours) for 9 days. FUT was used to evaluate for DVT. 
The study groups each had only 13 patients. DVT occurred in 6/13 in both groups. Although 
there was no difference between groups, the late onset of use of IPC and its unconventional 
schedule of use leave the results of this study in question. In 1998 IPC was added to 
conventional unfractionated heparin in ischemic CV A.(39) The heparin group experienced 9.0% 
DVT and 2.4% PE. The addition ofiPC lowered DVT to 0.23% and there were noPE. 
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Unfortunately the endpoints of this trial were only symptomatic DVT and PE. No asymptomatic 
DVT screening was perfom1ed. 

LDUH has been compared with placebo in two trials. The first in 1977 was a pilot study.(62) 
This pilot study evaluated LDUH 5000 units three times daily for 14 days versus no treatment in 
a group of patients within 48 hours of acute ischemic stroke. FUT was used for the diagnosis of 
DVT. DVT was reduced from 75% to 12.5% (P<O.Ol). No hemorrhagic complications were 
noted. The unusually high DVT rate in the control group was thought due to the particularly 
extreme severity of stroke in this study. A follow up ofthis pilot study was done in 1986.(63) 
The same inclusion criteria and heparin doses were used as in the previous pilot study. DVT was 
reduced from 72.7% to 22.2% (P<0.001). A post-mortem evaluation of71/84 patients found PE 
in 33/47 control and 7/24 heparin treated (P<O.Ol). Mortality over twelve weeks was 531161 
control and 311144 heparin treated (P<0.05). Postmortem evaluation showed 9.9% ofCVA were 
hemorrhagic, not significantly different between the two groups. 

LMWH and heparinoids were initially tested for VTE prophylaxis in the late 1980's. In 1987 
danaparoid, a low molecular weight heparinoid, was compared with placebo in VTE prophylaxis 
in acute ischemic stroke.(64) Patients randomized were within 7 days of acute stroke. 
Danaparoid was given at a loading dose of 1000 anti-Xa units IV followed by 750 anti-Xa units 
subcutaneously twice daily for fourteen days. FUT was done to evaluate for DVT. DVT's were 
reduced from 28%, to 4% (P=0.005). Bleeding complications were no different between groups. 
In 1989 dalteparin (Fragmin), a LMWH, was given to patients within 72 hours of ischemic 
stroke.(65) Dalteparin dosing was 2500 Anti-Xa units twice daily for fourteen days. FUT was 
performed daily. There was a reduction in DVT from 50% to 22% (P=0.05). In 1990 dalteparin 
was again tested in a double blind, placebo controlled trial.(66) Patients included were within 72 
hours of acute ischemic stroke. The dalteparin dose used was 3000-5500 anti-Xa units given 
once daily for fourteen days or until discharge. The endpoint was DVT detected by venography 
ofthe paretic limb only, on day 10-14. The rates ofDVT were 36% with dalteparin and 34% 
with placebo (NS). There are many possible reasons for the lack of benefit of dalteparin in this 
trial. It was dosed once daily, whereas the previous study dose was twice daily. There was also 
the possibility of a false negative result (type 2 error) given the small study size. 

LDUH and LMWH/danaparoid have been compared in 4 trials. In 1992 danaparoid was 
compared with LDUH in a double blind randomized trial.(67) Those included were within 7 
days of acute ischemic stroke resulting in leg paralysis. Danaparoid was given at a dose of 750 
anti-Xa units subcutaneously twice daily and LDUH was 5000 units twice daily. Both were 
given for fourteen days or until discharge if earlier. DVT was detennined by FUT perfonned 
daily. Venography was done to verify positive FUT. 9% danaparoid versus 31% LDUH 
developed DVT (P=0.014). Bleeding episodes occurred in 2% of each group. A similar study in 
1994 compared once daily danaparoid with LDUH.(68) Treatment began within 72 hours of 
stroke, and dosage was 1250 anti-Xa units once daily with danaparoid versus LDUH 5000 units 
twice daily. FUT was performed daily. Treatment continued on average 9 days. DVT occurred 
in 14.6% with danaparoid versus 19.8% LDUH (P=0.392). In 1999 two abstracts evaluated 
LDUH with the LMWH enoxaparin. One study, based in seven Finnish hospitals, evaluated 
enoxaparin 40 mg once daily against LDUH 5000 units three times daily in acute stroke patients 
with paresis.(69) Treatment was for 10 days or until hospital discharge. DVT was verified by 
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venography, and PE by lung scan or pulmonary arteriogram. Thromboembolic events occmTed in 
19.7% with enoxaparin and 34.7% with LDUH (P=0.044). Hemorrhagic infarction occurred in 
17.3% enoxaparin and 23.3% LDUH (NS). Harenberg and Schomaker analyzed data from high 
risk nonsurgical patients given VTE prophylaxis with either enoxaparin 40 mg daily or LDUH 
5000 units three times daily.(70) The patients included had respiratory disease, CHF, or acute 
stroke. Venography was performed for DVT screening. Overall, thromboembolic events 
occurred in 15 .6% enoxaparin and 22.1% LDUH (P=0.04). In subgroup analysis ofthose with 
acute ischemic stroke, VTE occurred in 26.5% enoxaparin and 39.7% LDUH. Bleeding events 
occurred in 1.8% enoxaparin and 3.2% LDUH. 

From the above data it is shown that LDUH, LMWH, and danaparoid are all effective at 
lowering VTE rates in patients with acute ischemic stroke. IPC was effective at lowering 
symptomatic VTE in one trial. When using asymptomatic DVT as the outcome, both LMWH 
and danaparoid appear more effective than LDUH. These agents were used for an average of 10 
to 14 days after stroke. Continued prophylaxis for longer periods (i.e. rehabilitation) has not 
been evaluated. In patients with contraindications to anticoagulant therapy, IPC (with or without 
GCS) can be recommended. 

GENERAL MEDICINE PATIENTS 

Patients other than myocardial infarction or stroke who are admitted to a general medical ward 
service are overall at moderate risk for the development ofVTE. The vast majority of patients in 
prospective studies are those with infections, COPD, or CHF. Combining the control groups of 
all studies suggests a baseline DVT rate of approximately 16%. A retrospective autopsy review 
at Addenbrooke's hospital, UK detem1ined the frequency of fatal pulmonary embolism in 
hospitalized medical paticnts.(71) Of200 consecutive medical patient admissions, 31 of these 
patients died. Only 14 had autopsy, and of these 5 were determined to have died from fatal 
pulmonary embolism. This correlates to one in forty medical patients having had pulmonary 
embolism as the cause of death. Since the autopsy rate was only 45%, it is likely that the actual 
incidence of fatal pulmonary embolism is higher than this. 

There are four major studies ofLDUH versus placebo in VTE prophylaxis with general medical 
patients. In 1981 an unblinded randomized study of all medical admissions with CHF or chest 
infections compared LDUH 5000 units three times daily versus no therapy.(72) Treatment was 
initiated within 12 hours of admission and continued for 14 days or until discharge. FUT was 
performed every other day. 26% in the no treatment group versus 4% LDUH group developed 
DVT (P<0.01). There was no significant difference between groups except for increased 
hematoma at injection site in the LDUH group. In 1982 a randomized unblinded trial evaluated 
heparin 5000 units twice daily in general medical ward inpatients.(73) Treatment was started 
within 12 hours of admission and was continued to discharge or mobilization. The primary 
outcome was hospital mortality, not DVT. Mortality was 10.9% in the no treatment group and 
7.8% LDUH group (P<0.05). In a 1982 ICU VTE prophylaxis study ofLDUH versus placebo 
there was a medical ward comparison group.(74) Heparin 5000 units twice daily or placebo was 
started within 24 hours of admission and was continued for 10 days . Daily FUT were 
performed. There were 10% DVT in the placebo group versus 2% in LDUH group (NS). This 
study had small group sizes that may have contributed to the insignificant results . The last major 
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study ofLDUH done in general medical patients was in 1996.(75) Consecutive patients admitted 
to infectious disease services at six Swedish hospitals were randomized to receive heparin 5000 
units twice daily or no prophylaxis in an unblinded fashion. Treatment was started on average 9 
hours after admission and continued for three weeks. Patients were followed for at least three 
weeks after discharge with a primary endpoint of autopsy verified pulmonary embolism of a size 
likely to have caused or contributed to death. Mortality was similar between the groups. 
Mortality secondary to pulmonary embolism occurred in 15/5776 LDUH group versus 16/5917 
control group (NS). There was a significant difference between median time from randomization 
to fatal PE, 28 days in LDUH, versus 12.5 days control (P=0.007). Interestingly, this difference 
correlated to the duration of heparin therapy. In this study there were concerns that inevitable 
death may merely have been delayed by heparin prophylaxis. There are also concerns that the 
study groups were not large enough to be able to show a statistically significant difference in 
mortality related to pulmonary embolism. It has previously been shown that in order to show a 
treatment effect of reduction of fatal PE from 0.5 to 0.3% in general surgical patients, 
approximately 50000 study patients are needed.( 51) 

Two studies have evaluated LMWH with placebo in VTE prophylaxis in medical patients. In 
1986, medical inpatients were enrolled in a randomized double-blind fashion to receive 
enoxaparin 60 mg daily versus placebo.(76) Treatment started within 10 hours after admission 
and continued for 10 days. Daily FUT was performed to diagnose DVT. DVT was detected in 
9.1% placebo versus 3.0% enoxaparin (P=0.03). Adverse reactions did not differ significantly 
between the groups. The recent MEDENOX (prophylaxis in medical patients with enoxaparin) 
trial randomized acutely ill medical patients in a double-blind fashion to receive enoxaparin 20 
mg or 40 mg, or placebo.(77) Treatment was staried within 24 hours of randomization and 
continued for 6-14 days. The primary outcome was DVT or pulmonary embolism. Venography 
was performed for DVT screening. VTE occurred in 14.9% placebo, 15.0°1<! 20 mg enoxaparin, 
and in 5.5% 40 mg enoxaparin (P<O.OOl for 40mg enoxaparin versus others). There was no 
significant difference in bleeding complications and between mortality at 110 days. 

Both LDUH and LMWH are beneficial in VTE prophylaxis in medical patients. A number of 
trials have compared the two against each other. In 1996 a randomized double-blind study of 
enoxaparin and LDUH was performed in those with acute medical illness.(78) Enoxaparin 20 
mg daily was compared with LDUH 5000 units twice daily. The mean time to start medications 
was 36 hours, and they were continued for 10 days. The endpoint was DVT by FUT, or 
pulmonary embolism by perfusion scan. All positive FUT were verified by venography. 4.8% 
enoxaparin and 4.6% LDUH developed VTE (NS). There were no significant differences in 
bleeding or adverse reactions. THE PRINCE (furombo~mbolic m:evention in £ardiopulmonary 
disease with ~noxaparin) compared enoxaparin 40 mg daily with LDUH 5000 units tlu·ee times 
daily in medical patients with cardiopulmonary disorders.(48) DVT was verified by venography. 
Results showed VTE in 10.4% LDUH and 8.4% enoxaparin (NS). There was significantly more 
bleeding with LDUH than enoxaparin, 3.6% versus 1.5% respectively. The 1996 PRIME study 
group compared enoxaparin 40 mg daily with LDUH 5000 units three times daily in high risk 
medical patients.(79) Treatment began within 12 hours of admission and continued an average 
of 10 days. Patients were screened for DVT with duplex doppler. The results showed very low 
rates of VTE in both groups, enoxapatin 0.2% and LDUH 1.4% (NS). Bleeding complications 
were similar. The overall low rate of thrombosis was thought secondary to the screening test 
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used. A recent meta-analysis of randomized trials of LDUH and L WMH in medical patients 
(except MI and stroke) was published in 2000.(50) This meta-analysis found no significant 
difference in the incidence ofDVT, clinical PE, or death between LMWH and LDUH. The 
overall relative risk reductions with LDUH and LMWH were 56% and 58% respectively. Using 
LMWH over LDUH reduced the risk of major hemorrhage by 52% (P=0.049). 

It can be concluded from these studies that LDUH and LMWH are equally effective at 
decreasing the risk of thromboembolic events compared with no prophylaxis in general medical 
patients. LMWH is associated with 52% less risk of major bleeding complications (absolute risk 
reduction around 1-2%). 

INTENSIVE CARE UNIT PATIENTS 

Most critical care patients have multiple risk factors for VTE. Overall there is a paucity of 
critical care specific data regarding VTE prophylaxis. Previously discussed acute myocardial 
infarction and acute ischemic stroke are relevant in this setting. There are three major 
randomized trials of VTE prophylaxis in the I CU. In 1982, medical ICU patients were 
randomized to LDUH 5000 units twice daily or placebo.(74) Treatment was initiated within 24 
hours of admission and continued for 10 days or until patients were ambulatory. DVT was 
evaluated by FUT. 29% controls and 13% LDUH developed DVT (P<0.05). A double-blind 
study comparing LDUH with placebo was evaluated in medical ICU patients in 1999.(80) DVT 
screening was performed with duplex doppler every 72 hours. DVT were found in 31% placebo 
and 11% LDUH (P=0.001 ). The third study compared the LMWH nadroparin with placebo in 
patients with acute COPD exacerbations requiring mechanical ventilation.(81) The average dose 
of nadroparin was 65 units/kg once daily. Treatment was started within 24 hours of admission 
and continued for no more than 21 days . DVT were screened by venography. DVT were found 
in 28.2% controls and 15.5% nadroparin (P=0.045). 

Overall, ICU patients are at significantly increased risk for the development of VTE. From the 
available literature either LDUH or LMWH is recommended for routine VTE prophylaxis in the 
medical ICU. For those patients at high risk of bleeding, mechanical prophylaxis with IPC and 
GCS can be used based on few studies in other medical patients and the vast surgical literature. 

SPECIAL CIRCUMSTANCES 

CATHETER RELATED CENTRAL VENOUS THROMBOSIS 

The use of central venous catheters is very common in the current management of medical 
patients, especially those receiving chemotherapy. Complications associated with central venous 
catheters are the cause of significant morbidity and mortality in the form of catheter infections, 
tip thrombosis with malfunction, and catheter related central venous thrombosis (CR-CVT). CR
CVT can lead to several clinical problems, to include obstruction, embolism, and development of 
the postphlebitic syndrome. The incidence of CR-CVT in cancer patients has been investigated 
in a number of studies.(82) The actual incidence varies from less than 1% to over 50%, and 
depends on the reason for screening. 
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The clinical symptoms of CR-CVT are many. The most common problem is in drawing blood or 
infusing. Symptoms ofDVT may occur. There has been no prospective evaluation ofCR-CVT 
and PE, however small series have shown that PE can occur. Prandoni et al evaluated PE in 
patients with upper extremity DVT.(83) 36% were found to have PE by V/Q scanning or 
pulmonary arteriogram. One quarter of these had symptoms ofPE. Moderate to severe 
postphlebitic syndrome occurred in 4/15 at two years of follow-up. Monreal et al prospectively 
evaluated PE in 30 patients with known upper extremity DVT.(84) 20 of these patients had CR
CVT. Perfusion defects were highly suggestive ofPE in 4/20 (20%) ofthose with CR-CVT. It 
is likely that the occurrence ofPE in association with CR-CVT will be approximately 20-30%, 
however additional studies involving larger numbers of patients needs to be performed to verify 
this. 

Catheter associated infection is also a significant problem. A few studies have suggested that 
CR-CVT is an independent risk factor for catheter associated infection. Raad et al investigated 
this in a retrospective case series of autopsy patients with indwelling catheters.(85) Mural 
thrombi were found in 38% of catheterized veins. 23% of the patients with CR-CVT developed 
catheter related sepsis. None of the patients without CR-CVT developed catheter related sepsis. 
These results suggest that CR-CVT is a risk for the subsequent development of catheter related 
infection, however prospective trials have yet to be done to prove this. 

Two major studies have been perfonned to evaluate therapies to prevent CR-CVT. This 
presumably would decrease PE and postphlebitic syndrome, and perhaps decrease the rate of 
catheter sepsis(85). Bernet al evaluated low dose warfarin 1 mg daily in cancer patients with 
Port-a-Cath subclavian catheters placed for cancer chemotherapy.(86) Warfarin was started 3 
days prior to catheter placement and continued daily for the 90 day duration of the study. 
Venograms were performed at 90 days, or sooner if any symptoms of DVT developed. The rate 
ofCR-CVT in the warfarin group was 10%, and in those without treatment 37% (P<O.OOl). All 
of those in the warfarin group that had DVT also had symptoms ofDVT. Ofthose not receiving 
warfarin that had DVT, 2/3 had symptoms ofDVT. About 10% ofthose on warfarin had a 
transient increase in their prothrombin time. These tended to be the severely cachectic patients. 
The prothrombin time norn1alized with vitamin K and treatment was able to be continued. 
Monreal and colleagues randomized cancer patients receiving Port-a-Cath subclavian catheters to 
dalteparin (Fragmin) 2500 units once daily or no therapy.(87) The first dose was given 2 hours 
prior to catheter insertion and the study was continued for 90 days. Venography was performed 
at 90 days, or earlier if symptoms of DVT appeared. On the recommendation of the Ethics 
Committee recruitment was terminated early after DVT was found in 6% taking dalteparin 
versus 62% with no therapy (P=0.002). No bleeding complications had developed. Of the 9 
upper extremity DVT that were found in this study, 8 had symptoms ofDVT (6 had upper 
extremity symptoms, 2 had evidence of catheter obstruction). 

Based on the above well designed studies, patients with long term central venous catheters for 
chemotherapy should receive prophylaxis with either low dose warfarin or dalteparin to prevent 
CR-CVT. These treatments are both effective and safe. The cost of therapy may dictate which 
agent is chosen. 
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VTE FROM AIR TRAVEL- "ECONOMY CLASS SYNDROME" 

There has been significant scientific attention regarding the concern ofVTE after prolong trips, 
to include air flights. Romans initially described a doctor who developed DVT after a 14-hour 
flight.(88) This has subsequently been termed "economy class syndrome", because of prolonged 
sitting in the very limited space of economy class.(89) There is data to implicate the association 
of prolonged travel with VTE. A cohort study reported that recent travel was noted four times 
more often in patients with DVT than in controls.(90) In a systematic review of all patients 
arriving at Charles de Gaulle Airport in France between 11/93 and 12/00, all cases of PE 
requiring medical care were evaluated.(91) This review showed that prolonged distance over 
5000 kilometer (31 00 miles) was a significant risk factor to develop PE ( 1.5/million versus 
0.01/million). In those travelling over 10,000 kilometer (6200 miles), the risk was 4.8/million. 
These incidences are thought to be underestimates secondary to the inability to detect mild cases, 
missing those who had VTE after leaving the airport, and not including those who died at the 
airport. 

Although overall prevalence of symptomatic DVT and long distance flight is low, this is not so 
of patients with known risk factors for DVT. The LONFLIT study evaluated the incidence of 
DVT in low-risk and high-risk subjects after extended flights.(92) Low-risk was defined as no 
known clinical disease and no drug treatment within 2 weeks of flight. High-risk patients were 
defined as those with previous DVT, coagulation disorder, severe obesity, limited mobility, 
neoplastic disease within 2 years, and large varicose veins. The mean age was 46 years in both 
groups. Flights between 10-15 hours were included. Ultrasound was used to evaluate DVT 
before and within 24 hours after flights. Low-risk patients had no DVT's found by screening. 
2.8% ofhigh-risk subjects had DVT. By including DVT and superficial phlebitis, there were 
thrombotic events in 4.9% ofhigh-risk subjects. LONFLIT2 evaluated the risk ofDVT in high
risk subjects randomized to either elastic compression stocking or no treatment.(92)Average 
patient age was 44.8. Flights 10-15 hours were included. Ultrasound was used before and 
within 24 hours after flights to screen DVT. The control group had 4.5% DVT, and the 
treatment group had 0.24% DVT. (P<0.02). Elastic compression stockings decreased the 
incidence of DVT 18.5 times in high-risk patients undergoing extended flights. LONFLIT3 
evaluated aspirin and enoxaparin prophylaxis in high-risk patients undergoing extended 
flights.(93) The same inclusion criteria for high-risk patients were used as in the previous two 
LONFLIT trials. Aspirin was used at a dose of 400 mg starting 12 hours before flight and 
continuing daily for 3 days total. Enoxaparin was given between 2-4 hours before flight at a 
dose of 100 IU/kg. DVT screening was done with ultrasound before and within 24 hours after 
flights. DVT occurred in 4.82% controls, 3.6% aspirin group (P<0.05), and 0.6% enoxaparin 
group (P<0.002). 13% ofpatients taking aspirin experienced mild GI symptoms. No side effects 
were observed in the enoxaparin group. Approximately 60% of all thrombotic events were 
asymptomatic. 

DVT in extended flights is an important safety issue. High-risk subjects are at increased risk of 
DVT and prophylaxis can be advised. On the basis of these studies elastic compression 
stockings are the simplest and most cost effective. Aspirin may have a limited benefit. Other 
measures such as ambulation, exercise, increasing leg space, and maintaining hydration may be 
of benefit but have not been studied. 
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ENDPOINTS IN VTE PROPHYLAXIS TRIALS 

There are an abundance of clinical trials ofVTE prophylaxis. The evaluation and interpretation 
of these trial results depends heavily on the diagnostic endpoint used. Clinical diagnosis ofDVT 
is unreliable and should not be used. Measuring the incidence of mortality related to VTE would 
require a very high autopsy rate, one much higher than is currently attainable in this country. 
Some consider evidence of reduction in mmiality from all causes to be required, however this 
would require forbiddingly large studies given the overall low incidence of fatal PE. This 
outcome also dismisses the burden of disease due to symptomatic thromboembolism as well as 
costs associated with their investigation and treatment. Symptomatic DVT alone is a poor 
endpoint, as the majority ofDVT that occur and embolize are completely asymptomatic. In an 
autopsy study of deaths secondary toPE, 83% of these patients had leg DVT at autopsy but only 
19% had symptoms ofDVT prior to death.(3) Because of this most studies have used the 
endpoints of asymptomatic or symptomatic DVT found by screening tests. This has limitations 
as well, as some thrombi detected by sensitive screening tests may not be clinically relevant. At 
this point there are not reliable data that allows us to predict which thrombi will cause an adverse 
event and which will resolve spontaneously. However, a mounting body of evidence now 
indicates that venographically determined asymptomatic DVT is not a benign finding. Without 
treatment isolated calfvein thrombi extend proximally in 28%.(94) DVT may be asymptomatic 
but still give rise to the postthrombotic syndrome or PE. Therefore, prevention of asymptomatic 
DVT is a valid therapeutic goal. 

Many VTE prophylaxis clinical studies have used noninvasive tests that are admittedly less 
accurate than venography. How to interpret the results of these studies has been of considerable 
debate. It has been previously shown that as long as there is no difference in the rate of 
misclassification ofDVT between study and control groups, the study treatment effects actually 
tend to be underestimated when using noninvasive screening tests. In those studies that followed 
all positive noninvasive tests with venography (to rid of false positive tests), the estimate of 
relative treatment effect appears unbiased. (95) 

PHYSICIAN'S USE OF VTE PROPHYLAXIS 

There is compelling evidence for efficacy and cost effectiveness ofVTE prophylaxis, and 
straightforward guidelines are available. Every three years since 1986 the American College of 
Chest Physicians has released comprehensive guidelines on preventing VTE(6). They are the 
"standard of care" for VTE prophylaxis. Despite this, physicians use of VTE prophylaxis and 
implementation of these guidelines is less than optimal. In a review of medical records of 20 
Oklahoma hospital medicare patients undergoing major general surgery in 1995, it was found 
that only 38% had any VTE prophylaxis measures implemented. Of those felt to be "high risk" 
only 39% received any type of prophylaxis.(96) This is contradictory to a 1994 random survey 
sent to the fellows of the American College of Surgeons. This survey showed that 86% stated 
they used specific prophylactic measures.(97) In a retrospective review of patients discharged 
from 16 short stay hospitals in central Massachusetts, 17% of patients were felt to be high risk 
based on traditional risk factors for VTE. Only 32% of the high-risk patients received any form 
of prophylaxis. (98) In an article titled "Still Missing the Boat with Fatal Pulmonary Embolism," 
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deaths from pulmonary embolism in surgical inpatients ofthree Scottish regions were identified. 
Only 44% of these received prophylactic measures. (99) In an effort to see how well physicians 
were using consensus statement guidelines, Arnold et al identified cases of potentially 
preventable VTE in a cohort study.(lOO) Cases ofDVT and PE were evaluated to see if 
appropriate VTE prophylaxis, according to ACCP guidelines at that time, was administered 
appropriately. 17.4% of all VTE cases were considered potentially preventable, i.e. they were 
given no prophylaxis or inappropriate prophylaxis. There is clearly a need for improvement in 
thromboprophylaxis implementation. Educating physicians about the significant risk of VTE in 
certain hospitalized groups of patients should improve the use of prophylactic measures and 
lower the morbidity and mortality associated with VTE. 

RECENT DEVELOPMENTS IN VTE PROPHYLAXIS 

Data from randomized controlled trials show that even with the most effective anticoagulants 
ctmently available, the highest risk medical patients still develop VTE. About 20-25% of acute 
stroke patients and 10-15% of medical ICU patients develop VTE despite current prophylaxis 
recommendations. This incidence is even higher in patients undergoing orthopedic surgery, 
where VTE approaches 30% or more despite prophylaxis with LMWH.(6) Despite their proven 
efficacy in decreasing VTE, neither LDUH nor LMWH fully eliminates this risk and both have 
limitations in clinical use. There is a continuing need for the development of novel 
antithrombotic agents with enhanced benefit to risk ratios, mainly to improve outcomes in select 
high-risk patients in which current established therapies are insufficient. 

Unfractionated heparin is an indirect inhibitor of thrombin. Its anticoagulant effects are in part 
secondary to its potentiation oftwo endogenous anticoagulants: antithrombin and heparin 
cofactor 2. These accelerate inactivation ofthrombin and Factor Xa.(101) Avenues ofresearch 
have focused on developing agents with specific antithrombin and anti-Xa effects. 

HIRUDIN CLASS 

Hirudin is a natural anticoagulant derived from the medicinal leech. It is the most potent direct 
thrombin inhibitor identified to date. Hirudin binds irreversibly to both free and clot bound 
thrombin, inhibiting all of its actions. Recombinant f01ms ofhimdin have been developed for 
therapeutic use. Desirudin has been studied most extensively in VTE prophylaxis in the patients 
at highest risk for VTE, namely those undergoing orthopedic surgery for hip and knee 
replacement. Data so far suggest this agent to be more effect that LMWH and with a similar 
adverse effect profile. To this date this drug has not yet been evaluated in high-risk medical 
patients. 

Three studies have evaluated desirudin with established VTE prophylaxis. In 1996, a double 
blind dose ranging trial compared 3 doses of desirudin with LDUH in patients undergoing 
elective hip replacement. (I 02) Desirudin was tested at does of 10, 15, and 20 mg 
subcutaneously twice daily against LDUH 5000 units three times daily. Treatment was started 
just prior to surgery and continued 8-12 days at which time bilateral venography was performed. 
Total DVT occurred in 34.2% LDUH, 24% 10 mg (P=0.0113), 19% 15 mg (P=0.003), and 
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18.2%20 mg desirudin (P=0.0001). Proximal DVT occurred in 19.6%, 8.5% (P<0.001), 3.1% 
(P<0.001), and 2.4% (P<0.001) respectively. Bleeding was similar between all groups, but total 
blood loss was most in the 20 mg desirudin group. Because ofthis the 15 mg dose was chosen 
for future studies. In 1997 a second study confirmed the above results. Those undergoing hip
replacement were randomized to receive desirudin 15 mg twice daily or LDUH 5000 units three 
times daily.(103) Both were initiated just preoperatively, and continued 8-11 days when bilateral 
venography was performed. Total DVT occurred in 23% LDUH and 7% desirudin (P<O.OOOl). 
Proximal DVT occurred in 16% LDUH and 3% desirudin (P<O.OOOl). There were no 
differences in bleeding complications between groups. Desirudin is superior to LDUH in VTE 
prophylaxis in those undergoing hip surgery. However, LMWH is currently the gold standard in 
these patients, and is significantly more effective than LDUH. Because of this, desirudin was 
subsequently compared with enoxaparin in hip surgery patients.(l04) Doses were desirudin 15 
mg twice daily and enoxaparin 40 mg once daily, both stmied before surgery and given for 8-12 
days. Venography was perfonned at discharge. Total DVT occurred in 25.5% enoxaparin and 
18.4% desirudin (P=0.001). Proximal DVT occurred in 7.5% and 4.5% respectively (P=O.Ol). 
There was no difference in bleeding complications between the groups. 

Based on the above data desirudin is more effect than both LDUH and LMWH in VTE 
prophylaxis in high-risk orthopedic surgery patients. Desirudin has been licensed for use in VTE 
prophylaxis in some European countries however it is not yet approved for this indication in the 
United States. This drug also needs further evaluation in high-risk medical patients. 

PENT ASACCHARIDES 

Over twenty years ago a pentasaccharide sequence was identified as the antithrombin binding 
site in heparin fragments. This pentasaccharide sequence has been chemically synthesized and 
found to inhibit factor Xa.(l 05) Fondaparinux is the first of this new class of anti thrombotic 
agents. In contrast to heparin, which has mm1y interaction:> with plasma components, this drug 
selectively binds antithrombin causing rapid inhibition ofFactor Xa. Fondaparinux was initially 
tested in VTE prophylaxis in a dose evaluating study in comparison with enoxaparin after total 
hip replacement.(l06) Doses of0.75, 1.5,3,6, and 8 mg subcutaneously daily were compared 
with enoxaparin 30 mg twice daily. Both were started postoperatively and continued 10 days or 
until discharge. Bilateral venography was then perfonned. Total DVT occurred in 9.4% 
enoxaparin and 11.8%, 6.7% (p=0.51), 1.7% (p=0.01), 4.4%, and 0% ofthose with increasing 
doses of fondaparinux. The 6 and 8 mg groups of fondaparinux were discontinued secondary to 
increases in major bleeding, however the other dose groups had similar adverse effects compared 
with enoxaparin. Three abstracts released in 2000 also showed significant benefit of 
fondaparinux in orthopedic surgery.(107-109) These three studies, EPHESUS, PENTAMAKS, 
and PENTATHLON 2000, were all part of a multi-center prospective double-blind randomized 
cooperative phase 3 study and part of a worldwide VTE prevention program in over 8000 
patients undergoing major orthopedic surgery. These three studies showed a relative risk 
reduction ofVTE of 56%, 55%, and 25% of fondaparinux 2.5 mg daily compared with 
enoxaparin. The results oftwo trials comparing fondaparinux with enoxaparin in hip fracture 
and knee surgery were recent published in the New England Journal ofMedicine.(l10;111). The 
first compared fondaparinux 2.5 mg once daily starting postoperatively with enoxaparin 40 mg 
daily starting preoperatively in hip fracture surgery. Treatment was for up to 11 days. Bilateral 
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venography was performed at discharge. VTE occurred in 19.1% enoxaparin and 8.3% 
fondaparinux (P,O.OOl, RRR 56%). There were no significant difference regarding clinically 
relevant bleeding. Fondaparinux 2.5 mg daily was then compared with enoxaparin 30 mg twice 
daily, both initiated postoperatively in patients status post major knee surgery. Treatment was 
for 11 days or until discharge if earlier, and bilateral venography was perfonned at discharge. 
VTE occurred in 27.8% enoxaparin and 12.5% fondaparinux (P,0.001, RRR 55%). Bleeding as 
measured by transfusion requirements occurred more frequently with the fondaparinux group, 
however there was no difference in bleeding leading to death or reoperation. 

The pentasaccharides are an exciting new class of anti thrombotic agents. Data so far shows that 
fondaparinux is superior to the current recommended anticoagulant therapies in patients at 
highest risk of developing VTE. Fondaparinux (brand name Arixtra) was approved by the FDA 
on 12/7/01 for use in VTE prophylaxis in patients undergoing hip fracture, hip replacement, and 
knee replacement surgery. Future studies comparing fondaparinux with the hirudin class of 
antithrombotic agents and in using both of these novel anticoagulants in medical patients are 
anticipated. 

CONCLUSION 

VTE is at least as common in medical as in surgical patients. Most deaths from pulmonary 
embolism occur in nonsurgical patients. Based on known risk factors, medical patients at 
moderate to high risk for thromboembolic disease can be targeted for VTE prophylaxis. 
Prophylaxis has been shown to decrease complications of VTE, namely PE and the postphlebitic 
syndrome. These measures are also cost effective. Educating caretakers of the significant 
problem ofVTE and the overall safety and efficacy of prophylactic measures should counter 
misconceptions ofthis disease, as well as increase VTE prophylaxis use. Despite adequate 
prophylaxis, those in high-risk groups still have a significant risk of developing DVT. The study 
ofhimdins and pentasaccharides, and future development of novel anti thrombotic agents, will 
continue to improve the benefit to risk ratio ofVTE prophylaxis. 
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Appendix 

Pneumatic Compression and DVT 
Compression Stockings and DVT 
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