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Venous thromboembolism (VTE) is a common and poten-
tially devastating complication of medical illness and
surgical intervention. Among patients discharged from
acute-care hospitals in 2003, more than 12 million (31%)
had a moderate or high risk of VIE during hospitalization,
including 11% at risk due to surgical procedures and 20% at
risk due to medical illnesses.! The incidence of VTE—which
can present as deep vein thrombosis (DVT) or pulmonary
embolism (PE)—is rising in hospitalized patients.” Despite
the availability of effective prophylaxis, VIE is the third
most common cause of hospital-related death and the most
common preventable cause of hospital mortality.®

The clinical impact of VTE is significant. While total inci-
dence, prevalence, and mortality rates of VIE are elusive,
the annual incidence of DVT is thought to be as high as
2 million.* The most serious complication of DVT is acute
PE, which occurs in approximately 600,000 patients per
year, one-third of whom die.®> DVT may also be complicated
by recurrent episodes of VIE and postthrombotic sequelae
such as chronic venous stasis, venous ulceration, debilitat-
ing pain, and intractable edema.®° One prospective cohort
study found that 30% of patients who had experienced a
first episode of DVT developed recurrent VIE within 8 years,

and the incidence of postthrombotic syndrome (PTS) was
23% after just 2 years.®

The economic burden of VTE is substantial, due both to
the initial event and to the high rate of hospital readmis-
sion. The estimated average cost of DVT management
(including initial acute care and 6 months of follow-up care)
is $10,072 per patient, and the corresponding cost for PE is
$14,649.” Hospital readmission occurs in 5% to 14% of
patients, more than one-half of whom are readmitted within
90 days.? For patients with recurrent DVT or PE, the mean
total hospitalization costs of readmission are $11,862 and
$14,722, respectively.?

The clinical and economic burden of VIE can be signifi-
cantly mitigated by the use of effective prophylaxis. Because
VTE is difficult to diagnose antemortem, it is easier and
safer to prevent with appropriate prophylaxis than to diag-
nose after it has occurred. Unfortunately, VIE prophylaxis is
markedly underused, particularly among high-risk, hospital-
ized medical patients who would most benefit from it.°

This article summarizes specific risk factors for VTE and
provides guidance in identifying patients who may require
thromboprophylaxis. Barriers to optimal VTE prophylaxis in
the hospital setting will also be explored.
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Methodology

For this article and the ones that follow, relevant literature
was identified through a Medline search (January 1980 to
December 2008) using the following search terms: venous
thromboembolism, pulmonary embolism, deep vein throm-
bosis, epidemiology, risk factors, prophylaxis, mechanical
prophylaxis, diagnosis, treatment, anticoagulants, monitor-
ing, secondary prevention, guideline, adherence, treatment
protocol, performance measure, and quality improvement.
The bibliographies of all key texts were searched for
additional relevant articles. The websites of the American
College of Chest Physicians (ACCP), American Society of
Clinical Oncology (ASCO), National Comprehensive Cancer
Network (NCCN), and Society of Hospital Medicine (SHM)
were also searched for annual meeting abstracts, position
statements, and other key publications.

Evidence-based clinical guidelines were identified
through a search of the National Guideline Clearinghouse
(http://www.guidelines.gov), and ongoing clinical trials in
the area of VTE prophylaxis were identified in the
National Institutes of Health clinical trials database
(www.clinicaltrials.gov). The websites of the Centers for
Medicare and Medicaid Services (CMS) and the Joint
Commission were searched for information related to VIE
performance measures and quality improvement initiatives.

Pathogenesis of VTE

Venous thrombosis occurs as a result of at least 1 of 3
underlying factors: alterations in blood flow, vascular endo-
thelial injury, and alterations in the constitution of the
blood.'® Each potential underlying factor encompasses a
wide range of risk factors and clinical scenarios. Alterations
in venous blood flow can include several situations, includ-
ing venous stasis, venous hypertension, and valvular incom-
petence. Endothelial injury can arise from shear stress,
direct trauma, infection, hypertension, or other sources of
endothelial damage. Hypercoagulability from alterations in
the constitution of the blood may be due to antithrombin
deficiency, cancer, surgery, pregnancy, or other risk factors.
The presence of any of these factors indicates an elevated
risk of VTE, and the presence of multiple factors further
increases risk.'®

Risk Factors for VTE

VTE can occur in a wide variety of clinical circumstances.
Recognized risk factors for VIE include hospitalization for
an acute medical illness, cardiovascular disease, pulmonary
disease, major surgery, multiple trauma, obesity, and
increasing age.'® Additional factors that place patients at
increased risk of VTE (independent of age) include a history
of prior VTE, known hypercoagulable states, active cancer,
and acute infection.'' Hospital-acquired risk factors such as
immobility, acute illness, or medical interventions may lead
to the development of VIE in these patients. Severity of ill-
ness must be factored into the risk assessment, and all
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TABLE 1. Risk Factors Among 1231 Hospitalized Patients
Treated for Acute VTE

Risk Factor Patients (%)
Age > 40 years 88.5
Obesity 37.8
History of VTE 26.0
Cancer 22.3
Bed rest > 5 days 12.0
Major surgery 112
Congestive heart failure 8.2
Varicose veins 58
Fracture (hip or leg) 3.7
Estrogen treatment 2.0
Stroke 1.8
Multiple trauma L1
Childbirth 11
Myocardial infarction 0.7

NOTE: Modified with permission from Ref. 10: Anderson FA Jr, Spencer FA. Risk factors for venous
thromboembolism. Circulation. 2003;107(23 suppl 1):19-116. Available at: http://circ.ahajournals.org/
cgi/content/full/107/23_suppl_1/1-9.

Abbreviation: VTE, venous thromboembolism.

patients need to be assessed for VTE risk at the time of hos-
pital admission and daily thereafter if pharmacologic ther-
apy is not initiated.

In a review of 1231 consecutive patients treated for acute
DVT and/or PE, 96.3% had at least 1 risk factor for VTE, and
more than one-third (39%) had 3 or more risk factors
(Table 1).'° The incidence of VTE in hospitalized patients is
directly related to the number of risk factors present:'°

e 1 risk factor: 11%

e 2 risk factors: 24%

e 3 risk factors: 36%

* 4 risk factors: 50%

5 risk factors: > 90%

Current or Recent Prior Hospitalization

The risk of VTE is elevated among hospitalized patients. The
prevalence of DVT varies across hospital specialties, reach-
ing up to 80% in major trauma, spinal cord injury, and criti-
cal care.®* The Epidemiologic International Day for the Eval-
uation of Patients at Risk for Venous Thromboembolism in
the Acute Hospital Care Setting (ENDORSE) study evaluated
the prevalence of VTE risk factors in the acute hospital care
setting.'> Among the 68,183 patients enrolled, more than
one-half (52%) were judged to be at risk of VIE. In a case-
control study examining 625 patients with a first lifetime
VTE, confinement to a hospital (among other risk factors)
was found to be an independent and important predictor of
VTE (odds ratio [OR], 8.0; 95% confidence interval [CI], 4.5-
14.2) (Figure 1)."* Recent hospitalization is also an impor-
tant risk factor for VTE, and patients who are readmitted to
the hospital should be considered moderate or high risk.*
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FIGURE 1. Odds ratio of risk factors for definite DVT (deep
vein thrombosis) or PE (pulmonary embolism). CHE
congestive heart failure; VIE, venous thromboembolism.
Reprinted with permission from Heit et al.'®

3.

Age

Patient age must be considered when assessing VTE risk.
VTE is predominantly a disease of older age, and age older
than 75 years is an important risk factor for the condition.'*
In general, patients older than 40 years have a significantly
increased risk compared with younger patients, and the risk
approximately doubles with each additional decade.'® Given
the aging population, the prevalence of VTE and its compli-
cations are expected to increase.

Women of childbearing age experience VIE more fre-
quently than men of the same age, due to pregnancy and
exposure to contraceptive therapy.'* This risk, however, is
modest compared with the risk among older patients. After
age 45 years, the incidence of VTE increases markedly for
both sexes, becoming more prominent in men.'* Compared
with women, men also have an increased risk of recurrent
VTE.'

Despite the effect of age on VTE risk, the risk among
patients younger than 40 years may be underestimated
because this subgroup has not been extensively studied. For
reasons that are not well-understood, the risk of VTE associ-
ated with heart failure is higher in patients younger than 40
years, and the relative risk of PE in patients with chronic
obstructive pulmonary disease (COPD) is also higher in
younger patients.'5”

Cancer and Its Treatment
Cancer patients, on average, have twice the risk of VIE
compared with noncancer p.':1tients.18 This risk, however,
varies considerably by cancer type. According to an assess-
ment of nearly 41 million hospitalized patients in the
National Hospital Discharge Survey (NHDS), the relative risk
of VTE varied from 1.02 in patients with bladder cancer to
4.34 in patients with cancer of the pancreas.'®

VTE is one of the most common complications of can-
cer and cancer therapy, and it is the second leading cause
of death among hospitalized cancer patients.”® Molecular

mechanisms underlying thromboembolic events in cancer
patients include tumor cell procoagulants, inflammatory
cell cytokines, mediators of platelet adhesion, and tumor-
related stasis and endothelial damage.?’ The clinical impli-
cations of these processes are severe. Cancer exacerbates
the natural course of VTE, increasing the risk of recurrent
VTE and major bleeding, and VTE worsens the prognosis
of cancer, increasing the risk of death among cancer
patients.

Various cancer therapies—including surgery, chemother-
apy, hematopoietic stem cell transplantation, and even
growth factor support—also increase the risk of VTE, in part
because extrinsic factors such as surgery or chemotherapy
can intensify the hypercoagulable process.'®*'?* In the
NHDS, cancer patients undergoing surgery had at least
twice the risk of postoperative DVT and more than 3 times
the risk of PE compared with noncancer patients under-
going similar procedures.'®

Cancer is an independent predictor of thromboprophy-
laxis failure following surgery. The @RISTOS Project found
that VIE was the most common cause of death among 2373
patients undergoing general, urologic, or gynecologic sur-
gery for cancer.”* A multivariate analysis identified 5 inde-
pendent risk factors for VIE after cancer surgery:

* Previous VTE (OR, 5.98; 95% CI, 2.13-16.80)

¢ Anesthesia > 2 hours (OR, 4.50; 95% CI, 1.06-19.04)
* Bed rest > 4 days (OR, 4.37; 95% CI, 2.45-7.78)

* Age > 60 years (OR, 2.63; 95% CI, 1.21-5.71)

* Advanced-stage cancer (OR, 2.68; 95% CI, 1.37-5.24)

Cardiovascular Disease
The risk of VTE is pronounced among patients with cardio-
vascular disease. After stroke and coronary disease, VIE is the
third most common cardiovascular disorder, and PE causes
more deaths each year than myocardial infarction (MI).?® Sev-
eral cardiovascular diseases, including hypertension, stroke,
acute MI, and heart failure, are independently associated with
VTE.'®?¢727 Related disorders, including diabetes and the
metabolic syndrome, also increase the risk of VTE.?>%®
Congestive heart failure (CHF) is a risk factor for VTE,
and the severity of illness increases risk. In the DVT-Free
Prospective Registry, 13% of patients with ultrasound-con-
firmed DVT had CHE?® In a subgroup analysis of patients of
the Prophylaxis in Medical Patients with Enoxaparin
(MEDENOX) study, the incidence of VTE exceeded 20% in
patients with New York Heart Association (NYHA) class IV
heart failure, compared with 12% in patients with NYHA
class IIT heart failure.*® Another study found that VTE risk
increases as left ventricular ejection fraction (LVEF)
decreases, with an LVEF of less than 20% associated with a
VTE OR of 38.3 (95% CI, 9.6-152.5).%"

Infectious Disease
Acute infection may increase the relative risk of VIE by as
much as 50% and is associated with VTE event rates of up

2009 Society of Hospital Medicine  DOI 10.1002/jhm.587
Published online in wiley InterScience (www.interscience.wiley.com).

VTE Risk Factors and Barriers | McKean et al. S3



to 26%."" Acute infections may be associated with acute
inflammation, adverse effects on cardiac or pulmonary
function, and prolonged immobilization.*>**** Human im-
munodeficiency virus (HIV) patients may also have an
increased risk of VIE due to a circulating lupus anticoagu-
lant and/or the presence of acute infection.>*

Obesity

The 2008 ACCP guideline update recognizes obesity, for the
first time, as a risk factor for VTE.2 Obesity was 1 of the 5
most frequent comorbidities found in patients with DVT in
the DVI-Free Prospective Registry.?® It increases the risk of
both incident and recurrent VTE, with every 1-point
increase in body mass index (BMI) increasing the risk of
recurrent VTE by 4.4% (95% CI, 1.3-7.6%; P < 0.001).>

Pregnancy and Puerperium

Pregnancy, particularly the postpartum period, is associated
with an increased risk of VIE in women, even though the
absolute risk is small.>® Still, PE is one of the leading causes
of maternal death following childbirth.'® Smoking, prior
VTE, and inherited thrombophilias all increase the risk of
VTE in pregnant women.'® The risk begins to rise in the first
trimester, and when prophylaxis is needed, it should be
started early in gestation.®”

Pulmonary Disease

COPD is another risk factor for the development of VTE.
COPD patients who develop VTE tend to be older, hospital-
ized in the intensive care unit (ICU), and on mechanical
ventilation.®® In the DVI-Free Prospective Registry, 12% of
patients with ultrasound-confirmed DVT had COPD.*

Trauma and Surgery

Injury to the body tissue, via trauma or surgery, stimulates
the body’s clotting mechanism and increases the risk of
thromboembolic complications. During the perioperative
period, the circulatory system must balance a variety of
assaults: an immune response to surgical stress, prolonged
immobilization during surgery and recovery, vasodilation
associated with general or regional anesthesia, and hyper-
coagulability due to venous stasis and vascular injury.® Re-
nal transplant recipients have an increased risk of VIE due
to a chronic hypercoagulable state.”® In surgery patients,
perioperative complications such as dehydration and acute
infection increase the risk of VTE beyond the risk associated
with the surgical procedure itself.'

VTE risk is increased approximately 13-fold by recent
major trauma or lower-extremity injury.'® In the absence of
prophylaxis, the overall risk of VIE among patients under-
going major surgery is increased nearly 22-fold.'* After con-
trolling for the type of surgery, additional independent risk

factors for VTE within 3 months of major surgery include:*"*?

* Obesity
* Central venous catheter placement
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* Malignancy

* Smoking

* Heart failure

* Previous DVT

* Prolonged immobility
¢ Infection

Many surgical and medical inpatients share common risk
factors, and without prophylaxis, the incidence of hospital-
acquired DVT ranges from 10% to 40% for both groups.®

Inherited or Acquired Risk Factors

VTE is a multifactorial disease, and recent evidence indicates
that some heritable traits may be potent risk factors for VTE.*®
Approximately 35% of patients with DVT will have at least 1 of
5 traits related to an inherited blood clotting disorder:**

* Deficiencies in the anticoagulation factors protein C, pro-
tein S, or antithrombin, or

* Mutations in the factor V and prothrombin genes, result-
ing in Factor V Leiden and prothrombin G20210A,
respectively.

Certain inherited traits and genetic polymorphisms
increase the risk of VTE by interacting with clinical risk fac-
tors such as contraceptive use, pregnancy, surgery, trauma,
and cancer. One recent study found that oral estrogen ther-
apy among women with the CYP3A5*1 allele was associated
with a particularly high risk of VTE.** Although widespread
screening for inherited risk factors is not currently practical,
future tools may incorporate genetic polymorphisms to
more precisely identify patients who would benefit from
aggressive prophylaxis.

Lifestyle Factors

Lifestyle factors have a significant effect on VTE risk. Smok-
ing increases the risk of VIE by 20% to 30%, and a seden-
tary lifestyle also increases the risk of VTE.*®**® In fact,
women who exercise regularly and consume alcohol in
moderation have one-half the risk of VTE as women who
have a sedentary lifestyle and drink little or no alcohol.*?
For both men and women, a diet high in fruits, vegetables,
and fish is associated with a lower lifetime risk of VTE.*®

Medications

Medications may also increase the risk of VTE. In cancer
patients with anemia, for example, the use of erythropoie-
sis-stimulating agents such as recombinant erythropoietin
and darbepoetin was recently shown to increase the risk of
VTE by 57% (95% CI, 31-87%) and increase mortality risk by
10% (95% CI, 1-20%).2® In addition, combination hormone
replacement therapy in women is associated with a higher
risk of VIE compared with estrogen monotherapy, and
transdermal contraceptive systems more than double the
risk of VTE compared with oral contraceptives (95% CI, 1.3—
3.8).778 Recent studies have also reported an increased risk
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TABLE 2. Use of Thromboprophylaxis in At-Risk Medical and Surgical Patients

At-Risk Patients Receiving

Patients at Risk of VIE Recommended Prophylaxis
(Based on ACCP
Trial Patient Type Total Patients Criteria) (%) Medical Patients (%) Surgical Patients (%)
IMPROVE Medical patients 15,156 52 61 n/a
ENDORSE Medical and surgical patients 68,183 51.8 39.5 58.5
ADHERE Hospitalized heart failure patients 155,073 46 30.6 n/a
Amin et al*® (2008) Medical and surgical patients 258,556 26.4 9.8 17.9

NOTE: Adapted from Tapson et al.** (2007), Cohen et al."* (2008), Jois-Bilowich et al.*® (2008), and Amin et al.*® (2008).
Abbreviations: ACCE, American College of Chest Physicians; ADHERE, Acute Decompensated Heart Failure National Registry; ENDORSE, Epidemiologic International Day for the Evaluation of Patients At Risk for Venous
Thromboembolism in the Acute Hospital Care Setting; IMPROVE, International Medical Prevention Registry on Venous Thromboembolism; n/a, not available; VTE, venous thromboembolism.

of VTE with some psychiatric drugs, including amitriptyline,
clozapine, olanzapine, and risperidone.**->2

Thromboprophylaxis in the Hospital Setting

Despite the prevalence of risk factors and compelling evi-
dence regarding the value of prophylaxis, VIE prophylaxis is
suboptimal in hospitalized medical and surgical patients. In
a study of 123,304 hospitalized patients who were deter-
mined to be at risk of VTE, only 13.3% received prophylaxis
in accordance with ACCP guidelines.”®> Compliance ranged
from a high of 52.4% among patients undergoing orthopedic
surgery to a low of 2.8% among patients undergoing neuro-
surgery.”® Results from several other large trials echo these
findings (Table 2).!254-%¢

Reasons for Inadequate Prophylaxis

Researchers have identified a range of barriers to adequate
VTE prophylaxis (Table 3).>” Some of these barriers are out-
lined below.

Underestimation of Risk of Clotting

VTE is often clinically silent, leading some physicians to
mistakenly believe that it is rare.”® In hospitalized surgical
patients, for example, the incidence of thromboembolic
complications during a short postoperative stay may be low.
Given that many cases of symptomatic VIE occur after hos-
pital discharge, hospitalists and surgeons may be unaware
of the true incidence of DVT.>®

Overestimation of the Risk of Bleeding

Physicians may also overestimate the risk of possible side
effects of prophylaxis, such as major bleeding or heparin-
induced thrombocytopenia (HIT).*® Fear of excess bleeding
has been cited by physicians as a leading reason for their
decision to withhold thromboprophylaxis from at-risk hos-
pitalized patients.®® Physicians are particularly fearful of
complications among elderly patients, who are less likely to
receive adequate prophylaxis than younger patients with a
similar risk of VTE.** When bleeding does occur, it rarely

TABLE 3. Barriers to VTE Prophylaxis

o Variability in clinician knowledge of risk assessment and appropriate prophylaxis

o Lack of agreement with, and inconsistency between, guidelines in certain
patient populations

o Perceived lack of need

o Concerns about adverse effects

o Lack of hospital support systems and policies

o Lack of established responsibilities for prophylaxis

NOTE: Adapted from Tooher et al.” (2005).
Abbreviation: VIE, venous thromboembolism.

results in death. On the other hand, PE may account for as
many as 10% of hospital deaths.’

Guideline Confusion and Complexity

Discrepancies between guidelines published by different
medical societies contribute to confusion in choosing a
management approach. The American Academy of Ortho-
pedic Surgeons (AAOS), for example, describes aspirin alone
as a reasonable choice for VTE prophylaxis in some
patients, but the ACCP guidelines advise against the use of
aspirin monotherapy.®® The cumbersome nature of multiple
risk-assessment and treatment algorithms can also be prob-
lematic.%! Furthermore, certain patient subgroups, such as
those with cirrhosis, severe renal failure, and epidural cath-
eters, have been excluded from randomized controlled tri-
als, and the management of such patients is not
straightforward.

Absence of Institutional Protocols and Information
Technology Support

The lack of institution-level guidance and support can have
a detrimental effect on patient care. In a 2007 survey of 127
community hospitals, the prevalence of institutional proto-
cols related to VIE was low: only 60% had protocols to en-
courage prophylaxis in at-risk patients, 54% had guidelines
to assist in appropriate drug selection, and 43% had guide-
lines for the dosing of prophylaxis regimens.®? A lack of
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systems for data collection and audit has also been identi-
fied as a barrier to the implementation of prophylaxis guide-
lines.>” Thus, hospitals need to adopt protocols such as:®

» Written, institution-wide thromboprophylaxis policies

* Preprinted order forms and computer decision-support
systems

* Policies specifying responsibilities for assessing VTE risk
and prescribing prophylaxis

Conclusions

VTE is the most common preventable cause of hospital
death, and prophylaxis is underused in hospitalized
patients. Although VTE risk factors are numerous and com-
plex, deciding whether to use prophylaxis need not be com-
plicated. In general, elderly patients, medically-ill patients,
and patients undergoing surgery will benefit from prophy-
laxis, as well as those who are hospitalized for more than 1
night. Hospitalized patients with at least 1 risk factor should
be considered for pharmacologic prophylaxis. In general,
the risk of hospital-acquired VTE greatly exceeds the risk of
bleeding with prophylactic doses of anticoagulation. A
patient’s risk of VITE may change, and regular assessment of
this risk should be mandated if pharmacologic therapy is
not initiated at the time of admission.

Numerous barriers to the optimal use of VIE prophy-
laxis exist, and hospitals must implement systems changes
and multidisciplinary approaches to overcome these bar-
riers. The fourth article in this supplement provides
detailed strategies for meeting VTE performance measures
and overcoming Dbarriers to the optimal wuse of
prophylaxis.
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