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Prevention of venous thromboembolism

after surgery

B ABSTRACT

Most surgical patients who require hospitalization are at
high risk for venous thromboembolism (VTE) and should
receive VTE prophylaxis, usually including pharmacologic
prophylaxis. Nevertheless, rates of appropriate periopera-
tive thromboprophylaxis remain stubbornly low, though an
expansion in quality-improvement efforts has led to wide-
spread hospital implementation of prophylaxis strategies in
recent years. This article reviews important principles and
recent developments in perioperative VTE prophylaxis, with
a focus on key recommendations and changes in the 2008
update of the American College Chest Physicians’ (ACCP)
evidence-based guidelines on antithrombotic therapy.

B KEY POINTS

Effective October 1, 2009, the Centers for Medicare and
Medicaid Services is refusing to reimburse for hospital
treatment of a primary diagnosis of deep vein thrombosis
or pulmonary embolism following recent (within 30 days)
hip or knee replacement surgery.

Mechanical methods of thromboprophylaxis are not
effective unless used for at least 18 to 20 hours a day.

The latest ACCP guidelines recommend extended pharma-

cologic VTE prophylaxis for up to 28 days in select high-
risk patients undergoing general or gynecologic surgery.
Extended prophylaxis of varying duration is recommended
for patients undergoing major orthopedic procedures.

Aspirin alone is not recommended for perioperative
VTE prophylaxis in any patient group by the ACCP
or the International Union of Angiology.

Patients with renal impairment have fewer anticoagulant

options and may require dose adjustment. Weight-based
dosing appears to be safe and effective for obese surgical
patients.

New selective and orally administered direct thrombin
inhibitors and oral direct factor Xa inhibitors may soon be
available for perioperative VTE prophylaxis.

See end of article for author disclosurers. doi:10.3949/ccjm.76.54.08
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ostsurgical patients who require hospitalization

should be considered at high risk for venous

thromboembolism (VTE) and be given appro-

priate prophylaxis. For lower-risk procedures
such as knee arthroscopy, prophylaxis is needed for those
with individual risk factors such as morbid obesity, limited
mobility after surgery, or a history of deep vein thrombosis
(DVT) or malignancy. Too often, however, prophylaxis is
not provided appropriately or not given at all.

This review surveys the essentials of perioperative
VTE prophylaxis and important new developments in
the field, which include the 2008 release of new evidence-
based clinical practice guidelines on antithrombotic and
thrombolytic therapy from the American College of
Chest Physicians (ACCP). This 8th edition of the guide-
lines updates the previous edition, published in 2004,
and includes a section by Geerts et al devoted to VTE
prevention.! Other major guidelines are also discussed,
as are developments in VTE-related quality measure-
ment, management of special patient populations (those
with renal impairment or morbid obesity), and emerging
therapies for VTE prophylaxis.

M IMPETUS FOR QUALITY IMPROVEMENT IN VTE

A new seriousness about VTE quality measures

The 8th edition of the ACCP guidelines recommends
that every hospital develop a formal, active strategy to
consistently identify medical and surgical patients at
risk for VTE and to prevent VTE occurrence.! Although
prior editions of the ACCP guidelines have made this
recommendation for more than 2 decades, fewer than
1 in 10 acute care hospitals had any such strategy in
place as recently as 5 years ago. Now, however, most US
hospitals have implemented such a strategy, thanks to
the growing national emphasis on health care quality
measurement in recent years.

The Surgical Care Improvement Project (SCIP) has
been at the forefront of this recent quality measures
movement. SCIP, a joint project of the American Medical
Association and federal government agencies, set a goal
to reduce surgical complications in the United States by
25% from 2005 to 2010.> Two SCIP process measures
relate to improving VTE prophylaxis®’:

e The proportion of surgical patients for whom rec-

ommended VTE prophylaxis is ordered
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TABLE 1
Recommended prophylaxis in surgical patients
by level of procedural thromboembolic risk*

Recommended
Level of risk prophylaxis options
Low risk Early and aggressive

mobilization

LMWH, low-dose UFH
(twice or three times daily),
or fondaparinux

LMWH, warfarin, or
fondaparinux

(minor same-day surgery)

Moderate risk
(most general, open gynecologic
or urologic procedures)

High risk
(orthopedic surgery, trauma,
spinal cord injury, cancer surgery)

*Adapted from the 8th edition of the American College of Chest Physicians
guidelines.!

UFH = unfractionated heparin; LMWH = low-molecular-weight heparin

e The proportion of surgical patients who actually
receive appropriate VTE prophylaxis within 24
hours before or after surgery.

The Joint Commission and the National Quality
Forum recently endorsed these two SCIP performance
measures for perioperative VTE prophylaxis along with
several others relating to VTE treatment.

CMS raises the stakes with reimbursement restrictions
More significantly, the federal government’s Centers for
Medicare and Medicaid Services (CMS) will soon refuse
to reimburse for hospital treatment of a primary diagnosis
of DVT or pulmonary embolism (PE) following recent
(within 30 days) total hip or knee arthroplasty. Effective
October 1, 2009, a primary VTE diagnosis following these
joint replacement procedures will be added to CMS’ cur-
rent list of “never events,” or hospital-acquired conditions
for which CMS will not provide reimbursement because
they are considered the result of preventable medical
errors. (Notably, treatment of DVT or PE as a secondary
diagnosis will still be reimbursed—for example, if a joint
replacement patient develops nosocomial pneumonia, is
transferred to the intensive care unit, and then develops
VTE.) This addition of DVT and PE to the list is highly
controversial since these events sometimes develop even
if prophylactic therapy is appropriate and aggressive.

Strategies to promote best practices

In the update for the new 8th edition of its guidelines,
the ACCP added recommendations on specific ways for
hospitals to identify patients at high risk for VTE and
ensure that they receive appropriate prophylaxis. These
include the use of computer decision-support systems,
preprinted orders, and periodic audit and feedback.!
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Researchers at Brigham and Women’s Hospital
evaluated the effectiveness of a computer alert system
for notifying physicians of newly hospitalized patients
at risk for DVT who were not receiving prevention
therapy within the first 24 hours of hospital admission.*
These patients presumably “fell through the cracks” and
warranted prophylaxis but were otherwise not recog-
nized by the health care team. Risk was determined by
a scoring system based on multiple variables, including
malignancy, previous DVT or PE, hypercoagulability,
major surgery, advanced age, obesity, ordered bed rest,
and treatment with hormone replacement therapy or
oral contraceptives. Study physicians had to acknowl-
edge having received the alert but could choose whether
or not to order VTE prophylaxis. Prophylaxis was used
in considerably more patients from the intervention
group than from a control group of high-risk patients
whose physicians did not receive alerts (34% vs 14%,
respectively); accordingly, the risk of a symptomatic
DVT or PE event at 90 days was reduced by 41% in the
intervention group.

Despite this evidence of improved practice under the
alert system, the study begs the question of why the per-
centage of patients at risk for VTE who were given pro-
phylaxis was still so low (34%), demonstrating how much
progress in improving practice remains to be achieved.

B PROPHYLAXIS STRATEGIES:
MATCHING THERAPY TO RISK

A fundamental consideration in determining the degree
of VTE prophylaxis that a surgical patient may need is the
thromboembolic risk of the procedure itself. Table 1 pre-
sents a procedure-based ranking of risk based on recom-
mendations in the 8th edition of the ACCP guidelines.!
Asrisk increases, so does the intensity of prophylaxis, with
increasing reliance on pharmacologic strategies. The vast
majority of patients who are hospitalized for surgery will
fall into the moderate- or high-risk categories in Table 1.
A patient’s risk of thrombosis is also influenced by
individual risk factors (Table 2),'> many of which are
nonmodifiable. A thorough preoperative evaluation
is important to reveal “hidden” risk factors such as
thrombophilia and a family or personal history of VTE.

Bl NONPHARMACOLOGIC PROPHYLAXIS STRATEGIES

Does ambulation prevent DVT?

Although it is commonly accepted that walking prevents
DVT, this has never been directly tested. Walking may
simply be a marker of health, and healthy people are less
prone to develop thromboses. We have almost no evi-
dence to show that forcing an unhealthy person to walk
helps prevent DVT. Early ambulation offers many benefits
and should be encouraged, but it should not be considered
DVT prophylaxis; it is simply good hospital care.
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Mechanical devices: Adherence is key

Amaragiri and Lees conducted a systematic literature
review of randomized controlled trials evaluating the
effectiveness of graduated compression stockings (elastic
stockings) for preventing DVT in various groups of hos-
pitalized patients.® The analysis demonstrated a statisti-
cally significant reduction in DVT incidence with gradu-
ated compression stockings compared with control both
among the nine trials in which stockings were used alone
(odds ratio = 0.34) and among the seven trials in which
stockings were used in addition to another method of
thromboprophylaxis (odds ratio = 0.24). Although ben-
efit was demonstrated, many of the trials in this review
involved patients undergoing gynecologic surgery and
date from the 1970s and 1980s (when obesity was less
prevalent), so the applicability of their results today may
be limited.

The 8th edition of the ACCP guidelines recommends
that mechanical methods of VTE prophylaxis be used
primarily in patients who are at high risk of bleeding and
that careful attention be directed to ensuring their proper
use and optimal adherence.! The latter point about
adherence cannot be emphasized enough, as graduated
compression stockings and other mechanical devices
have been shown not to be effective unless they are worn
at least 18 to 20 hours a day. This degree of adherence
is difficult to achieve, as it can severely limit patient
mobility and leave patients susceptible to development
of pressure ulcers.

Mechanical compression should be initiated prior to
induction of anesthesia and continue intraoperatively
and then into the postanesthesia care unit. Orders for
use of mechanical devices should include instructions in
the patient’s medical chart specifying how—and for how
many hours per day—they are to be worn. Not doing so
leaves the physician vulnerable to litigation, especially
as the ACCP guidelines include language on optimal
adherence to these devices (“they should be removed for
only a short time each day when the patient is actually
walking or for bathing™).

Continuous external compression therapy

Newer mechanical device options include a continuous
external compression therapy system that allows patients
to be mobile while wearing it and provides rhythmic com-
pression that results in good peak venous flows. Ideally
such a device could be put on the patient preoperatively
and worn during surgery, throughout the hospital stay,
and even at home during recovery. Anecdotally, however,
[ see patients turn these new devices off at the side of the
bed just as often as they do with traditional devices.

Vena caval interruption
Vena caval interruption involves placement of a retriev-
able vena cava filter before surgery and removal some
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TABLE 2
Patient risk factors associated with venous
thromboembolism (VTE)">

Age > 60 years Thrombophilia
Prolonged surgery Cancer
Congestive heart failure High-estrogen states*

Severe chronic obstructive
pulmonary disease

Inflammatory bowel
disease

Central venous access Nephrotic syndrome
Trauma Sepsis

Prior history of VTE

Family history of VTE

Blood transfusions

* Obesity, use of hormone replacement therapy, use of oral contraceptives,
pregnancy, postpartum status

time later; it offers the potential for VTE prophylaxis in
patients who could not tolerate even minor amounts of
bleeding, such as certain trauma patients. The Eastern
Association for the Surgery of Trauma has put forth a
consensus recommendation to consider vena caval inter-
ruption in high-risk trauma patients who cannot receive
pharmacologic prophylaxis.” A randomized trial evaluat-
ing the usefulness of vena caval interruption for patients
undergoing surgery is needed. For now, this intervention
should be regarded as experimental and considered only
on a highly individualized basis.

B PHARMACOLOGIC PROPHYLAXIS

The ACCP guidelines’ recommendations for pharmaco-
logic VTE prophylaxis in surgical patients are lengthy,
and many remain unchanged from prior editions, so
this discussion will focus on broad principles and new
recommendations adopted in the recent 8th edition.!
Table 3 lists notable new recommendations for patients
undergoing specific surgical procedures.

Timing of initiation

Pharmacologic VTE prophylaxis generally should begin
8 to 24 hours postoperatively. Of course, adequate hemo-
stasis is required before initiation, and the net risk/benefit
tradeoff with regard to timing of anticoagulant initiation
has still not been well studied in many surgical patient
populations.

Extended prophylaxis

In the update for the 8th edition of its guidelines, the
ACCP added an explicit recommendation for extended
outpatient prophylaxis with low-molecular-weight
heparin (LMWH) for up to 28 days postoperatively in
selected high-risk patients undergoing general or gyne-

VOLUME 76 ¢ SUPPLEMENT 4 NOVEMBER 2009  S47

Downloaded from www.ccjm.org on August 4, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

PREVENTING VENOUS THROMBOEMBOLISM

TABLE 3
New procedure-specific recommendations for
thromboprophylaxis in the latest ACCP guidelines'

Surgery type Recommended options (grade*)

LMWH, low-dose UFH,
fondaparinux (1C for all)

LMWH (1A), low-dose UFH (1A),
intermittent pneumatic com-
pression (1A), or fondaparinux
(1C), = graduated compression
stockings (1C)

Low-dose UFH (1B), intermittent
pneumatic compression/graduated

compression stockings (1B),
LMWH (1C), fondaparinux (1C)

Higher-dose LMWH, low-dose
UFH three times daily,
fondaparinux (1C for all)

LMWH, low-dose UFH,
intermittent pneumatic
compression (1C for all)

CABG LMWH over low-dose UFH (2B)

Major vascular surgery in
patient with risk factors

Major gynecologic surgery
or laparoscopy in patient
with risk factors

Major open urologic
surgery

Bariatric surgery

Thoracic surgery

*Guide to recommendation grades in the ACCP guidelines:
1A = strong recommendation; high-quality evidence
1B = strong recommendation; moderate-quality evidence
1C = strong recommendation; low-quality or very-low-quality evidence
2B = weak recommendation; moderate-quality evidence

ACCP = American College of Chest Physicians; LMWH = low-molecular-weight
heparin; UFH = unfractionated heparin; CABG = coronary artery bypass grafting

cologic surgery, including those with cancer or a history
of VTE.!' This recommendation was based largely on
studies of extended prophylaxis in patients with cancer
undergoing colorectal surgery.®

Increased appreciation of the value of extended VTE
prophylaxis after discharge is linked to a growing recogni-
tion that DVT and PE episodes in the community setting
are often related to a recent hospital stay for either medi-
cal illness or surgery. A population-based study found that
59% of all community cases of a first lifetime VTE event
in residents of Olmsted County, Minn., over a 15-year
period could be linked to current or recent (< 30 days)
hospitalization or nursing home residence.’ A similar pop-
ulation-based study in the Worcester, Mass., area found
that three-fourths of all VTE events in a 3-year period
occurred in the outpatient setting.'® Among patients
with these outpatient VTE events, a large proportion
had undergone surgery (23%) or hospitalization (37%) in
the prior 3 months; among those, 67% experienced their
VTE within 1 month of their time in the hospital.

These findings are no surprise, since surgery induces a
hypercoagulable state that, when combined with individual
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risk factors such as obesity, old age, or poor heart function,
cannot be assumed to return to baseline on postoperative
day 4 or 5 just because the patient is being discharged.

Orthopedic surgery
For patients undergoing major orthopedic procedures, the
ACCEP guidelines recommend against routine screening
for VTE with Doppler ultrasonography before discharge if
the patient is asymptomatic.! Such screening is not con-
sidered cost-effective because asymptomatic clots often
are found, for which treatment is uncertain, and proximal
clots may be missed, giving a false sense of security.
ACCP recommendations for prophylaxis in patients
undergoing orthopedic surgery are summarized in Table 4.!
As shown, the recommended options for hip and knee
replacement and hip fracture surgery are almost exclu-
sively medication-based. The vast majority of patients
undergoing these major orthopedic procedures need pro-
phylaxis beyond their typical hospital stay of 3 or 4 days.
About 90% of DVTs following knee replacement occur
within 2 weeks of surgery, so 10 to 14 days of therapy is
probably the best practice in this setting, although a lon-
ger period may be justified depending on the patient’s risk
profile. For hip replacement, in contrast, 28 to 30 days of
prophylaxis is often preferable, since about half of all DV'Ts
in that setting occur more than 2 weeks after surgery.
New to the ACCP guidelines in the 8th edition is
the recommendation that patients undergoing knee
arthroscopy who have risk factors for VTE (or whose
procedure is complicated) should receive 1 week of
prophylaxis with LMWH.! Also new are recommenda-
tions for patients with risk factors undergoing single- or
multilevel laminectomy (Table 4).

Recommendations unchanged in neurosurgery,
spinal injury, trauma, burns

Recommendations for neurosurgery remain unchanged
from the prior (2004) edition of the ACCP guidelines
and are still based on the 2000 meta-analysis by lorio and
Agnelli of LMWH prophylaxis in neurosurgery cases.!! In
the United States, the standard is overwhelmingly to use
mechanical devices for thromboprophylaxis in neurosur-
gery, even for patients with cancer.

For prophylaxis in surgical patients with spinal cord
injury, multisystem trauma, or burns, LMWH is pre-
dominantly used, and the ACCP recommendations are
unchanged from 2004.

Drug-specific considerations

LMWH vs vitamin K antagonist. Although vitamin K
antagonists (warfarin) still appear in the latest ACCP
recommendations,! LMWH is preferable. A 2004 meta-
analysis of studies comparing vitamin K antagonists with
LMWH for prophylaxis in patients undergoing orthope-
dic surgery found that vitamin K antagonists were associ-
ated with more episodes of total DVT (relative risk [RR]
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= 1.51; 95% CI, 1.27-1.79) and proximal DVT (RR =
1.51; 95% CI, 1.04-2.17) compared with LMWH.!? No
difference was found in rates of wound hematoma or
major bleeding. This finding of inferiority for vitamin K
antagonists came despite the likelihood that warfarin was
more often administered correctly (ie, with dose adjust-
ment to achieve an international normalized ratio [INR]
of 2.0 to 3.0 within 72 hours after surgery) in the studies
in this analysis than it is in real-world practice.

Fondaparinux. The indirect factor Xa—specific inhibitor
fondaparinux has had a surprisingly limited clinical adop-
tion despite having been widely studied and found to be safe
and effective. This is likely attributable in part to its 1 7-hour
half-life, which raises concerns that it may take 3 days for its
effects to stop if a patient begins to bleed. Large phase 3
studies have found fondaparinux to be equivalent to LMWH
in VTE prevention after hip replacement, marginally supe-
rior to LMWH after knee replacement, and superior to
LMWH following hip fracture repair.® Fondaparinux was
associated with an increase in bleeding events and instances
of transfusion requirement, but only in one of the studies,
which was in the setting of knee replacement surgery.'

Aspirin not recommended by ACCP. Although aspi-
rin reduces the risk of VTE, practice guidelines from both
the ACCP! and the International Union of Angiology"
contain no recommendation for its use as prophylaxis
because it is considered less effective and more risky than
other therapies. In contrast, clinical practice guidelines
from the American Academy of Orthopaedic Surgeons
suggest that aspirin is reasonable for VTE prophylaxis.'®
The varying recommendations reflect differences in per-
spective among these different specialties.

Aspirin has the advantages of ease of use and low cost,
but it is clearly not the best evidence-based approach for
VTE prophylaxis. The only recent randomized trial evidence
in support of aspirin comes from the Pulmonary Embolism
Prevention trial, a study with a flawed design involving more
than 13,000 patients undergoing surgery for hip fracture or
elective arthroplasty in five countries.!” Patients were ran-
domized to receive aspirin 160 mg daily or placebo for 35
days along with any other prophylaxis deemed necessary (an
important potential confounder). Aspirin was associated
with an absolute reduction in symptomatic events of less
than 1% relative to placebo, and no benefit was observed
within the first week. The best results with aspirin were
among patients with hip fracture. No benefit was shown
among patients undergoing hip arthroplasty or knee arthro-
plasty; in those groups, both the aspirin and placebo recipi-
ents were also treated with LMWH. An absolute increase in
rates of wound bleeding (0.6% increase) and gastrointestinal
bleeding (1.0% increase) was observed in the aspirin group.
The absolute increase in complications was greater than the
absolute reduction in episodes of symptomatic DVT: for
every episode of symptomatic DVT averted, one wound
bleed and 10 gastrointestinal bleeds occurred.
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TABLE 4
Recommendations for thromboprophylaxis in
orthopedic surgery from the latest ACCP guidelines’

Duration of
Recommended prophylaxis
Procedure options (grade*) (grade*)
Total hip LMWH, VKA, or 10-35 days (1A)

replacement fondaparinux (typical patient,

(1A for all) 28-30 days)
Hip fracture Fondaparinux (1A), 10-35 days (1A)
surgery LMWH (1B), VKAT (1B),

or low-dose UFH (1B)
Total knee LMWH (1A), VKAt (1A), 10-35 days (2B)

replacement fondaparinux (1A), or
intermittent pneumatic

compression (1B)

(typical patient,
10-14 days)

Arthroscopic
knee surgery

In patients without risk
factors, routine prophylaxis
not recommended (2B)

In patients with risk factors or
a complicated procedure, LMWH (1B)

In patients without risk
factors, routine prophylaxis
not recommended (2C)

In patients with risk factors,
postoperative low-dose UFH (1B),
postoperative LMWH (1B),

intermittent pneumatic compression (1B),
or graduated compression stockings (2B)

Spine surgery

*Guide to recommendation grades in the ACCP guidelines:
1A = strong recommendation; high-quality evidence
1B = strong recommendation; moderate-quality evidence
1C = strong recommendation; low-quality or very-low-quality evidence
2B = weak recommendation; moderate-quality evidence
2C = weak recommendation; low-quality or very-low-quality evidence

Dosed to an international normalized ratio of 2.0-3.0

ACCP = American College of Chest Physicians; LMWH = low-molecular-weight
heparin; VKA = vitamin K antagonist (warfarin); UFH = unfractionated heparin

M SPECIAL PATIENT POPULATIONS

Renal impairment
The 8th edition of the ACCP guidelines recommends that
renal function be kept in mind when considering LMWH,
fondaparinux, and other antithrombotic drugs that are
cleared by the kidneys. Fondaparinux and LMWH can bio-
accumulate in patients with renal insufficiency, who have a
higher risk of bleeding to begin with, thereby compounding
the risk. Options for patients with renal compromise include
avoiding drugs that bioaccumulate, using a lower dosage,
and monitoring the drug level or anticoagulant effect.!
Fondaparinux is explicitly contraindicated in patients
with low body weight (< 50 kg) or renal impairment (crea-
tinine clearance < 30 mL/min). Renal function should be
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assessed periodically in any patients receiving the drug.'®

[ also would not use fondaparinux or LMWH in
patients with rapidly changing renal function. For patients
with chronic, stable renal impairment, one can reduce the
dose of LMWH empirically; one LMWH, enoxaparin,
has specific dosing guidelines in its package insert (one-
third reduction in dose), but this option does not hold for
patients with rapidly changing renal function."

Obesity

The 8th edition of the ACCP guidelines recommends
weight-based dosing of thromboprophylactic agents in
obese patients. The guidelines particularly recommend that
patients undergoing inpatient bariatric surgery be given
higher doses of LMWH or unfractionated heparin."*

Frederiksen et al measured the anticoagulant effect of a
single fixed dose of a LMWH (using anti-factor Xa heparin
activity levels) and found that it was dependent on body
weight.?! This suggests that fixed doses that are effective in
normal-weight patients may have no detectable anti-
coagulant effect in patients with very high body weight.

Weight-based dosing: mounting nonprospective evi-
dence. Weight-based dosage adjustment for the morbidly
obese has not been directly studied in a prospective, ran-
domized fashion. A nonrandomized study by Scholten et
al compared two regimens of enoxaparin (30 mg twice
daily vs 40 mg twice daily) among 481 obese patients
undergoing bariatric surgery; each regimen was used along
with mechanical thromboprophylaxis.?? They found that
the higher-dose regimen was associated with significantly
fewer postoperative DVT complications (0.6% vs 5.4%;
P < .01) without an increase in bleeding complications.

Separately, Shepherd et al used weight-adjusted doses
of unfractionated heparin (started on the evening of
surgery) to achieve subtherapeutic peak anti—factor Xa
heparin activity levels of 0.11 to 0.25 IU/mL in a series
of 700 patients undergoing laparoscopic gastric bypass
surgery.?? The resulting doses were greater than those in
traditional fixed-rate protocols, but rates of bleeding and
VTE events were low and comparable to those reported
in patients receiving standard doses.

Don’t rule out multimodal approaches. Multimodal
prophylaxis can also be used in obese patients and need
not be abandoned as a result of size considerations. For
instance, two intermittent compression therapy devices
can be pieced together with a Velcro binder if a single
device is too small to be worn.

B EMERGING ANTICOAGULANT OPTIONS

For many years, unfractionated heparin was the only avail-
able parenteral anticoagulant. While heparin has broad
anticoagulant properties, it also has well-established limi-
tations, including the need for parenteral delivery, recent
problems related to contamination (it is derived from pig
intestines), and of course heparin-induced thrombocytope-
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nia (HIT). HIT is an immune-mediated form of platelet
activation that can lead to widespread thrombosis through-
out the body. It is more commonly associated with venous
thrombosis, but arterial events with limb-threatening isch-
emia may also occur. LMWH is associated with a reduced
risk of HIT, but LMWH does not avoid the risk entirely.

Beyond the issue of avoiding HIT, newer anticoagu-
lant therapies are being developed with the aim of oral
administration and more targeted inhibition of coagula-
tion factors Ila (thrombin) and Xa.*

Oral direct thrombin inhibitors

One of the two most promising classes of emerging
anticoagulants is the direct thrombin inhibitors, most
of which are being developed for oral administration.
There were high hopes for the initial compound in this
class, ximelagatran, but it was abandoned about 5 years
ago because of hepatotoxicity.

Dabigatran is the direct thrombin inhibitor furthest
along in development today. Currently approved in Europe
for prevention of VTE in patients undergoing total hip or
knee replacement surgery, dabigatran is likely to be available
soon in the United States. It is administered orally, has a
rapid onset of action (< 1 hour), and has a predictable anti-
coagulant response that requires no monitoring.* Because
dabigatran is excreted essentially unchanged by the kidneys
and may bioaccumulate, it should not be used in patients
with renal impairment or rapidly changing renal function.

In phase 3 clinical trials for VTE prevention in knee
replacement surgery, dabigatran was at least as effective as
enoxaparin 40 mg once daily and had a comparable safety
profile,? but it was slightly less effective than enoxaparin
30 mg twice daily.?® In a phase 3 trial in patients under-
going hip replacement surgery, dabigatran was equivalent
in efficacy and safety to enoxaparin 40 mg once daily.?’

Oral direct factor Xa inhibitors
A key rationale for direct inhibition of factor Xa is that it
results in inhibition of thrombin production on the acti-
vated platelet. Whereas fondaparinux is an indirect inhibitor
of factor Xa, direct factor Xa inhibitors offer an advantage
in that they inhibit factor Xa within the prothrombinase
complex, which occurs on the surface of a platelet and is the
main site for thrombin development (very little thrombin
is actually produced on endothelial cells). Recall the adage
that “thrombin begets more thrombin”: it activates not only
platelets but the intrinsic and extrinsic pathways.?®
Factor Xa may be a better target than thrombin for a
number of other reasons:
e Factor Xa is believed to have few functions (compared
with thrombin) outside of coagulation
e [n vitro studies show that factor Xa has a wider
therapeutic window than thrombin, which trans-
lates to greater separation between drug levels that
will confer efficacy and bleeding
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e Thrombin inhibitors are associated with rebound
thrombin generation (there is no evidence of this
with factor Xa inhibitors)

e Theefficacy of heparin-based anticoagulants improves
as selectivity for factor Xa increases (unfractionated
heparin is less effective than LMWH, which is less
effective than fondaparinux).

Two direct factor Xa inhibitors—both administered

orally—are far along in development, as detailed below.
Apixaban has shown promise, but the phase 3
ADVANCE-1 study of apixaban for VTE prevention in
patients undergoing knee surgery did not meet statisti-
cal criteria for noninferiority compared with enoxaparin
30 mg twice daily.” This prompted a delay in regula-
tory filings for apixaban in the United States, and the
drug’s prospects for approval for VTE prevention may be
unclear until release of results from two other compara-
tive phase 3 trials with enoxaparin in 2009 and 2010.

Rivaroxaban is more likely to become clinically
available soon, in light of recent results from the phase 3
RECORD#4 trial demonstrating that it was significantly
superior to enoxaparin 30 mg twice daily in preventing
VTE following knee replacement surgery with compa-
rable rates of major bleeding.*®

B DISCUSSION

Question from the audience: Some surgeons in my
hospital prescribe warfarin immediately after surgery
without a bridge of LMWH. Is that appropriate?

Dr. Michota: Warfarin is an option for prophylaxis in
orthopedic surgery, beginning on the day of surgery. It
could even be started the day before surgery, but the
dose should be monitored to achieve an INR between
2.0 and 3.0 within 72 hours of the procedure. If the
INR is not in this optimum range, prophylactic doses of
LMWH can be given until it is therapeutic.

Follow-up question: In practice, do you actually encour-
age INR monitoring? Usually we just put patients on a

certain dose without monitoring. When we do check
the INR, it’s usually 1.4 or 1.5.

Dr. Michota: Warfarin was shown to be effective in
reducing VTErisk in orthopedic surgery with dose adjust-
ment based on INR monitoring. On that basis, warfarin
remains in the guideline recommendations. Unmoni-
tored, warfarin has not been shown to reduce risk, so to
give it that way would not be evidence-based.

Question from the audience: I work with several plastic
surgeons who use compression stockings intraoperatively
because they’ve heard of several patients who developed
a PE during surgery. Is there any benefit to using com-
pression stockings for 2 to 3 hours and then sending the
patient home?
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Dr. Michota: I don’t know. Theoretically, a device that
is on and working before induction may reduce stasis.

The plastic surgery societies do have guidelines. Risk
depends on the type of plastic surgery procedure; for
example, risk probably increases due to inflammation in
procedures that involve scraping the fat pads.

This is an area where we don’t have much data. These
patients may be at risk, but we don’t know the best way
to mitigate it. It is important that risks be discussed with
patients in the informed-consent process and be docu-
mented. If the surgeon thinks it is reasonable to give phar-
macologic prophylaxis after surgery, I wouldn’t hesitate to
do that, but any form of bleeding in the setting of plastic
surgery is catastrophic because it defeats the reason for
which the surgery was done in the first place.

Question from the audience: How do the guidelines address
being aggressive with pharmacologic thromboprophylaxis
when a patient is already taking dual antiplatelet therapy?

Dr. Michota: For patients with an indication for VTE
prophylaxis in a setting for which there is a specific strat-
egy, the ACCP guidelines recommend that they be put
on that regimen whether they are on antiplatelet agents
or not. For example, consider a high-risk patient having
colorectal surgery who should get unfractionated heparin
or LMWH postoperatively and who is currently taking
clopidogrel and aspirin. There is no evidence that the dual
aspirin—clopidogrel therapy alone is effective in decreas-
ing the risk of DVT. However, we do know that if we add
on additional agents, the risk of bleeding is increased. The
guidelines consider risk and benefit, and they recommend
adding the agents that we know work to prevent DVT.

Question from the audience: You briefly mentioned pro-
phylaxis for knee arthroscopy, which is the most frequently
performed orthopedic procedure. Do these recommenda-
tions apply to all patients undergoing knee arthroscopy?

Dr. Michota: No. Prophylaxis is indicated only for patients
with what the ACCP considers to be additional risk fac-
tors for thrombosis. They didn’t specify which risk factors,
but good indications for prophylaxis would include morbid
obesity, limited mobility after the procedure, a personal
history of DVT, features of stasis noted on physical exami-
nation, stasis dermatitis (or other features that could indi-
cate prior thrombosis), advanced age, and malignancy. If a
patient undergoing knee arthroscopy has other nonmodi-
fiable risk factors, you should also think about prophylaxis.
But the vast majority of patients do not need it.

Question from the audience: I'm an academic hospitalist
who works closely with orthopedic surgeons. Certain sur-
geons will only use aspirin for prophylaxis, and it is non-
negotiable. Where does that leave me from a medicolegal
standpoint? Our model is to follow ACCP recommenda-
tions, but these orthopedic surgeons still use only aspirin.
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Dr. Michota: You must do everything you can to come to a
consensus with your surgeon colleagues. If you are uncom-
fortable, as a group you must say to the surgeons, “We are
uncomfortable. This is how we view the data. How do you
view the data?” If they answer, “We’re doing it because it’s
easy, and the American Academy of Orthopaedic Surgeons
says we can do it,” I don’t have a good response. But it is
more likely that their use of aspirin is based on their own
observations; they may not see many clots. Of course, the
problem with observational data is that the numbers are
not large and they are not generated in a randomized and
prospective fashion. Perhaps you can come to some middle
ground, but you could always make the difficult choice
and say, “I'm just not going to follow your patients.”
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